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ABSTRACT 
This Interactive Qualifying Project (IQP) assessed the feasibility of installing a small roof-mounted 
wind power system(s) on the Worcester Polytechnic Institute (WPI) campus through wind data 
collection, survey assessment of community attitudes, the contact of manufacturers of potential wind 
power systems, and preparation of cost benefit analyses.  A potential location for the wind power 
system(s) was selected, recommendations for an educational wind power system(s) and community 
involvement were made, and results were made available to the community.  
  
  IQP-PPM-1451 
 
  ix 
0.00
1.00
2.00
3.00
4.00
5.00
6.00
Dec.
2013
Jan.
2014
Feb.
2014
Mar.
2014
Apr.
2014
May
2014
June
2014
July
2014
Aug.
2014
Sept.
2014
Oct.
2014
Nov.
2014
Dec.
2014
Jan.
2015
M
o
n
th
ly
 A
v
er
a
g
e 
W
in
d
 
S
p
ee
d
 (
m
/s
) 
Month 
Daniels
Hall
Higgins
Labs
Campus
Center
Worcester
Airport
2010
EXECUTIVE SUMMARY 
Wind energy systems are promising forms of sustainable energy generation due to their utilization of a 
renewable resource that is available year round.  However, wind is variable based on time and 
geographic location, and so the ultimate feasibility of wind for a given site can be uncertain.  This 
Interactive Qualifying Project (IQP) was developed to assess the feasibility of the installation of small 
roof mounted wind power systems on the Worcester Polytechnic Institute (WPI) campus for educational 
benefit, as significant contribution to the WPI campus energy demand was quickly ruled out based on 
collected wind data at various points on campus. 
METHODOLOGY 
In order to accomplish the goal of assessing the feasibility of installing small roof mounted wind power 
systems on the WPI campus, it was decided that the main areas of focus were to be data collection, 
community attitude assessment, precedent project research, and wind system and rooftop location 
recommendations.  Wind speed data was collected using anemometers on individual rooftops, while 
community attitude assessment was accomplished through the use of a survey.  Once all data were 
tabulated and analyzed, system and location recommendations were made mainly based on wind speeds, 
individual system specifications, community perceptions as reported by the survey data, and potential 
for the system to be seen. 
RESULTS 
Wind data were sought from the Worcester airport, and compared with data collected from anemometers 
placed upon the rooftops of Higgins Laboratories, Daniels Hall, and the Rubin Campus Center. A 
handheld anemometer was used in conjunction with a metal pole to take readings at six different 
locations within the Wind Tunnel, with the Wind Tunnel being the corridor between the Alumni Gym 
and Higgins Laboratories, at two separate heights.  Evaluation of the collected data showed that Daniels 
Hall was the most favorable of the locations assessed due to its relative wind speeds, age and 
construction of the roof, and campus visibility.  Figure 4.1 shows a visual of the collected data.  
Figure 4.1 Monthly Average Wind Speed Comparison 
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Figure 4.14 SilentWind™ 
Windgenerator© 24V, images from 
[27] 
 
Project research, which included precedent project investigation and mandated policy and permitting 
procedures, showed that successful cases of wind power systems exist in the city of Worcester.  
Successful educational displays of roof mounted wind power systems exist at the Boston Museum of 
Science, which was used as a model when system and dashboard recommendations were being made.  
Along with discovering the presence of successful projects and educational displays, it was found that 
the zoning status of the WPI campus only requires that a building permit be sought before small roof 
mounted wind power systems be installed. 
Project specific community attitudes were assessed with the use of a survey.  Survey data showed a 
strong positive response to the idea of wind power being present on the WPI campus, as well as a 
positive response to visible renewable energy sources in general.  This is shown in Figure 4.9, which 
graphically shows the response to the second survey question, which asked “Do you believe WPI should 
implement forms of renewable power generation on campus?” 
Figure 4.9 Question 2 Response:  Implementation of Renewable Power 
 
RECOMMENDATIONS 
Due to a positive survey response, a feasible location, and 
favorable wind data for the roof of Daniels Hall, it was the 
conclusion of this project that it is feasible to have a present and 
visible wind power system or systems on the WPI campus for 
educational benefit.  Following research on the current wind 
system market, two wind turbines were chosen as the object of 
cost benefit analyses, one of which, the Windgenerator©, 
pictured in Figure 4.14, was recommended for use on the roof of 
Daniels Hall. The Lucid™ Building Dashboard© was 
recommended as a dashboard for the community’s viewing of 
WPI’s energy use and production.  Due to the conditionality of 
the dashboard purchasing, the results of this project will also be 
available to the campus and Worcester communities on the Sustainability portion of WPI’s website.
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1.0 INTRODUCTION 
Fossil fuels provide about 82% of the United States’ energy [1].  Although more oil reserves are being 
discovered all over the world and natural gas is becoming another major source of power, burning them 
emits harmful CO2 and other damaging chemicals [1].  As awareness of the danger of these chemicals 
grows, cleaner and renewable sources of energy are being utilized, including solar power, hydropower, 
biofuels, biomass, geothermal, and wind power.  In 2013, these and other types of renewable energy 
sources accounted for 13% of energy production in the United States [2].  As of 2014, more than 4%, or 
65,879 MW, of the United States’ electricity was generated from the force of the wind [3].  Although 
this is a small percentage now, the use of wind power continues to grow [4].  Wind energy satisfies a 
need for a safe, versatile, space efficient and clean source of power, which could be useful for individual 
consumers, large industry, and the country as a whole. 
Today wind is being used to produce electricity in large centralized power plants, and in distributed 
market locations. Distributed markets consist of wind power generation local to where it is used [5]. 
However, even though wind power systems are being used today by large companies and by individual 
consumers, several problems must be overcome before small scale wind energy systems can become 
widely consumer-accepted.  These problems are the initial cost of installing a turbine, the natural 
variability of wind, and the general aversion people have to their appearance.  These may not be easy 
problems to overcome, but with increased research and advertisement about the benefits of wind energy, 
demand for wind energy could rise, costs could go down, and these small turbines could evolve to 
become more efficient.  For wind energy to be successful, the competitive market needs to embrace the 
feasibility of small wind energy systems and drive prices low enough for consumers to easily purchase 
the technology. 
Wind is a renewable source of energy that is available every month of the year.  As of now, there are no 
small scale rooftop wind turbines existing in the City of Worcester, and a wind turbine at WPI could be 
the first of many.  The potential of wind power may not be well known to the City of Worcester or the 
Worcester Polytechnic Institute (WPI) communities.  One way to begin spreading awareness of wind 
power’s potential and to support improvement and research here at WPI and in the wider Worcester 
community is to showcase working examples of wind projects.  Visible examples may inspire students 
and employees to pursue their own research in wind power and possibly to use it in their own homes.  
As an example, when the solar panel was first invented, it was too inefficient for residential use [6].  
After much research and application development, the solar panel became a feasible option for 
homeowners seeking lower energy costs and a more sustainable lifestyle.  Seeing small scale wind 
energy used on campus could motivate students to improve on the design, materials, and size of wind 
energy systems.  As with many things, the success of this technology could be launched by the students 
at WPI, along with students all over the world.  Student creativity and insight could be extremely 
beneficial for the future of wind energy. 
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The goal of this project is to develop the groundwork for increasing awareness within the Worcester 
communities.  Specific objectives are to: 
● Provide the data and background necessary for the development of a comprehensive plan for the 
installation and maintenance of a wind energy system on WPI’s campus 
● Provide an example procedure for others who are attempting to install a wind energy system 
● Poll the WPI community to assess attitudes toward renewable energy sources, specifically wind 
● Make campus energy data more readily available 
● Assist WPI in reaching sustainability goals 
 
The approach to achieve these objectives was to research precedent projects, research Massachusetts 
wind energy policy, gauge existing community attitudes and perceptions regarding wind power, make 
collected and tabulated data regarding the turbines publicly available, and provide a recommendation for 
the installation of a specific turbine.  These tabulated data includes:  on the market turbine 
specifications, wind speed and feasibility information about rooftop locations on the WPI campus.  This 
project should be able to make renewable energy installation policy more palatable, exemplify the 
information that must be gathered for potential future installations, and provide a strong basis for other 
projects concerning wind power. 
This report begins with Section 2.0, a background on the origins of wind power and other information 
essential to the completion of this IQP.  It continues on to explain the methodology and implementation 
of data collection, community attitude determination, and turbine selection, in Section 3.0.  Project 
results including wind data and location analysis, community attitudes, community involvement, chosen 
turbine specifications, funding, cost benefit analysis, and recommendations are in Section 4.0.  The IQP 
report ends with the conclusion in Section 5.0. 
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2.0 BACKGROUND 
This section presents relevant background information on the following topics:  the basics of wind 
power electricity generation, the general pros and cons of wind power, examples of small wind power 
systems that are on the market today as well as a direct comparison of these example models, precedent 
projects, educational resources, and location based policy and permitting requirements. 
2.1 WIND POWER  
Wind power has been used by mankind for hundreds of years in the form of windmills to grind grain and 
sails to push ships.  With today’s knowledge, we can harness the power from the moving air and use it 
for more than just mechanical work, we can generate electricity.  Since the windmill’s adaptation to 
generate electricity in 1887, innovations in wind turbine design have made this renewable energy choice 
more economically viable, and improvements continue to increase the amount of power produced per 
square foot of turbine swept area. 
The most traditional form of wind-based electricity-generating device is the horizontal axis turbine. 
Horizontal axis wind turbines, as in Figure 2.1, have a rotor consisting of several blades, usually three 
and often made of fiberglass, attached at a center point.  The rotor is then connected to a main shaft 
inside the nacelle, or the control box for the wind turbine, which contains the pitch and yaw controls and 
the generator itself.  Turbines generate electricity by using the wind’s kinetic energy to move the blades 
of the rotor, which in turn rotate a magnet inside a coil of wire [7]. 
Figure 2.1 Parts of a wind turbine, courtesy of the United States Department of Energy, image from 
www.wind.energy.gov. 
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The wind’s kinetic energy is dependent on the turbine area, the density of the air, the velocity of the 
wind, and of course, time. The wind kinetic energy (E) flowing through a particular area (A) with 
velocity (V) and air density (ρ) over a time integrated into a constant (t) is given by: 
 
𝐸 =
1
2
𝐴𝑡𝜌𝑉3 
 
If power is the unit desired, since power is energy over time, simply divide by time: 
 
𝑃 =
𝐸
𝑡
=
1
2
𝐴𝜌𝑉3 
 
Ultimately, the total possible power to be harvested by the turbine is proportional to the cube velocity of 
the wind. According to Betz’s limit theory, a perfect horizontal axis wind turbine would be able to 
extract at most 59.3% of the wind’s available kinetic energy [8]. Modern horizontal axis turbines are 
only capturing up to 70 - 80% of this value. Figure 2.2 shows the correlation between standardized 
turbine diameters and power output. 
From Figure 2.2, it can be seen that an average of 42% of power (Predicted Power) is currently being 
extracted from the kinetic energy of the wind (Power in the Wind), but it may not be possible to extract 
more than 59.3%. This leaves 17.3% in potential efficiency improvements. Efficiency in modern 
turbines will continue to improve with design perfection and ideal material selection. 
There isn’t always room to install a large turbine, and many times cost is too much of a factor. 
Entrepreneurs from all over the world continue to come up with designs that are smaller and cheaper to 
manufacture than their predecessors, and which look very different from the turbines we are familiar 
with. The list of systems to harness power from the wind grows longer every year. 
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Figure 2.2 Power Output vs. Turbine Diameter. Power in the Wind is calculated using the power 
equation explored above, and represents the power found in the kinetic energy of the wind. According to 
Betz’s limit theory, only 59.3% of the Power in the Wind is available for our use, and Theoretical Power 
represents this available power. Predicted Power is based on a current average efficiency of 70% 
(which is 70% of Theoretical Power). The air density (𝜌) was assumed to be 1.23 kg/m3, and wind 
velocity is 33 mph (14.75 m/s), the speed at which turbines reach their rated power capacity. The 
utilized list of standardized rotor sizes was collected by the Danish Wind Industry Association and the 
American Wind Energy Association. 
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2.2 PROS AND CONS OF WIND POWER 
Table 2.1 compares several reasons to use wind power and several problems of using wind power as an 
energy source.  This list was compiled from two sources [9] [10], as well as through common 
understanding of wind power.  The pros and cons, unless otherwise noted, are relative to other energy 
source types, including conventional and other renewables. 
 
Table 2.1 The pros and cons of wind power as an energy source 
Pros Cons 
Wind occurs almost anywhere on earth; power is made 
available in isolated areas 
Noise pollution; large turbines may 
produce noise of harmful decibel levels 
Renewable and sustainable energy source May interfere with animal migration if 
not properly placed 
No harmful fumes associated with wind-powered 
electricity generation 
Some burning of fossil fuels during 
system manufacturing 
Excess power generated residentially can be sold back to 
the grid for a profit; renewable energy incentives 
Large initial investment 
Various sized turbines and other wind power systems are 
available for many different applications 
Aesthetically displeasing to some people 
No greenhouse gases are produced during wind-powered 
electricity generation 
Special permitting may be required as per 
locale 
No spill risk (unlike that associated with gasoline) Intermittent and variable power (varies 
with wind speed) 
Educational resource; opportunities for innovation and 
improvement 
 
No physical transportation of fuel necessary; electricity 
transportation uses the infrastructure this is already in place 
 
Gathers 70-80% of maximum available energy in the wind  
Space efficient; small covered area compared with 
conventional generation sources as well as other forms of 
sustainable energy 
 
Low maintenance compared to other forms of renewable 
energy generation 
 
Protection against power outages  
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2.3 SMALL MOUNTED TURBINES 
This section includes a few examples of the variety and innovation of small mounted turbines on the 
market today.  Each example includes an explanation of the devices’ use. This is not a recommendation 
for the use of any of these wind energy systems. 
2.3.1 THE WIND CUBE 
The Wind Cube is a home energy concept conceived by Chen Liao Hsun. This honeycomb pattern of 
small turbines, shown in Figure 2.3, attaches directly onto a wall and has blades that can retract into the 
honeycomb.  Conceptually, fifteen of these “cube units” produce enough energy per month to power a 
home housing a family of four.  These “cube units” can be strung together to create one cohesive device. 
During damaging winds and storms the 
blades can be pushed back into the 
design [11]. 
 
 
 
 
 
 
 
 
Figure 2.3 - Chen Liao Hsun’s design of 
the Wind Cube, image from [11] 
 
2.3.2 MODULAR ARCHITECTURAL WIND MICROTURBINES 
Modular Architectural Wind 
Microturbines are modular assembly 
turbines that take advantage of the high 
speed winds climbing the walls of a 
building.  Three are shown on a roof in 
Figure 2.4.  They are aesthetically 
pleasing, have guards that block birds 
from alighting on the turbine blades, and 
are space efficient at 4 feet high by 4 
feet wide [12]. 
 
 
Figure 2.4 Modular Architectural Wind 
Microturbines, image from [12] 
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2.4 LARGE SIDE-MOUNTED/GROUND TURBINES 
This section includes a few examples of the variety 
and innovation of large side/mounted and ground 
turbines. This is not a recommendation for the use 
of any of these wind energy systems. 
2.4.1 THE WIND SPHERE. 
The Wind Sphere is a large hoop with a shroud 
that catches and funnels the wind, increasing the 
wind speed.  There are two sizes, 10 kW (18.5 foot 
diameter), and 35 kW (34 foot diameter), as shown 
in Figure 2.5 [13].   
Figure 2.5 Green Energy Technologies Wind Sphere, image from [13] 
2.4.2 QUIET REVOLUTION. 
Quiet Revolution has two turbine models: qr5 (seen 
on the left in Figure 2.6), which generates 350 kWh 
per month at 5m/s, and the hy5 (seen on the right in 
Figure 2.6), which generates 705 kWh per month at 
5 m/s, both can be mounted on 15 m (49.2 ft.) or 18 
m (59 ft.) masts.  Ground mounted only [14]. 
 
Figure 2.6 Quiet Revolution qr5 (left), hy5 (right), 
image from [14] 
 
 
 
 
2.4.3 SOLARWIND TURBINE. 
The Solarwind turbine combines solar and wind power in one device (shown in 
Figure 2.7).  The manufacturer claims that it produces 1100 kWh per month. This 
turbine is 18 feet tall and 6 feet wide (including all - turbine, generator, inverter), 
and is available only with vertical axis [15]. 
   
 
 
Figure 2.7 Bluenergy Solarwind Turbine, image from [15]   
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2.5 WINDBELT 
Another option is the innovative Windbelt design (medium and small shown in Figure 2.8) developed by 
Shawn Frayne and Humdinger Wind Energy.  This is new technology, so Humdinger is still looking for 
a manufacturer; however, they have created and manufactured specific custom designs for different 
applications.  It was created to bring easy, cheap energy to the needy in Haiti and was inspired by the 
collapse of the Tacoma Bridge in 1940.  The Windbelt works by the flutter effect.  As wind blows across 
the thin membrane, it moves the two magnets at each end through wire coils, generating electricity. The 
Windbelt comes in three sizes:  a small “battery” size, a medium size, and a Windbelt panel.  A 
Windbelt panel (1 meter by 1 meter square, or 20 Windbelts) produces 7.2 kWh per month at a wind 
speed of 6 m/s [16]. 
Figure 2.8 Windbelt, image from [16]  
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2.6 EXAMPLE WIND SYSTEM COMPARISON 
Table 2.2 compares the actual rated power output and dimensions specific to the wind energy systems 
explored in Sections 2.3, 2.4 and 2.5.  These values come directly from the manufacturer or seller’s 
website.  These important values are the manufacturer’s minimum wind velocity (the velocity at which 
the device begins generating electricity), the manufacturer’s rated wind velocity, the manufacturer’s 
rated output power, and the swept area of the turbine.  Some values that cannot be found are marked 
N/A (Not Available). 
 
Table 2.2 Wind System Comparison - Actual 
System Name Manufacturer 
Minimum Wind 
Velocity (m/s) 
Manufacturer 
Rated Wind 
Velocity (m/s) 
Manufacturer 
Rated Power 
Output (kW) 
Swept Area 
(m
2
) 
Wind Cube N/A N/A N/A N/A 
Modular 
Architectural 
Wind 
Microturbines 
N/A N/A N/A N/A 
Wind Sphere 
(small) 
2.0 12.0 17.0 21.1 
Wind Sphere 
(large) 
4.0 12.0 35.0 74.8 
Quiet Revolution 
(qr5) 
5.0 16.0 6.5 15.5 
Quiet Revolution 
(hy5) 
3.5 11.0 4.1 24.6 
Solarwind 
Turbine 
1.8 5.4 1.1 5.6 
Windbelt (Panel - 
20 Windbelts) 
~0 6.0 0.01 1.0 
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Table 2.3 compares the theoretical power output for the wind energy systems.  The power outputs are 
calculated using the following equation and Betz’s limit theory discussed in Section 2.0. 
 
𝑃 =
𝐸
𝑡
=
1
2
𝐴𝜌V3 
 
The Estimated Minimum Power Output (kW) is calculated with the power equation above and Betz’s 
Limit, using the manufacturer’s minimum velocity.  Estimated Rated Power Output (kW) is calculated 
the same way as the Estimated Minimum Power Output (kW), except using the rated wind speed.  
Calculated Turbine Efficiency is based on the ratio of the manufacturer’s rated power output (kW) to the 
estimated total available power output at the same rated wind speed.  Total available power is calculated 
with the above equation multiplied by 59.3%, Betz’s Limit. The Manufacturer Rated Power Output 
(kW) is provided by the manufacturer.  Some of the values cannot be calculated due to lacking 
information and are marked with N/A (Not Available). 
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Table 2.3 Wind System Output Comparison - Theoretical 
System Name Estimated 
Minimum 
Power 
Output (kW) 
Estimated 
Rated Power 
Output 
(kW) 
Manufacturer 
Rated Power 
Output (kW) 
Estimated 
Rated Total 
Available Power 
Output (kW) 
Calculated 
Turbine 
Efficiency 
Wind Cube N/A N/A N/A N/A N/A 
Modular 
Architectural Wind 
Microturbines 
N/A N/A N/A N/A N/A 
Wind Sphere (small) 0.08 17.0 17.0* 13.2 128.4% 
Wind Sphere (large) 1.3 35.0 35.0 46.9 74.6% 
Quiet Revolution 
(qr5) 
0.2 6.5 6.5 23.1 28.2% 
Quiet Revolution 
(hy5) 
0.13 4.1 4.1 11.9 34.5% 
Solarwind Turbine 0.01 0.13 1.1 0.32 N/A 
Windbelt (Panel - 20 
Windbelts) 
N/A 0.01 0.01 0.08 12.7% 
 
Table 2.3 Notes: 
Air density = 1.23 kg/m
3
 
*The small Wind Sphere Manufacturer Rated Power Output (kW) is higher than the Estimated Rated 
Total Available Power Output (kW), which indicates that the turbine is rated for a higher power than is 
possible for it to provide. 
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2.7 PRECENDENT WPI ON-CAMPUS PROJECTS 
The following projects are worth noting because they focus on sustainable systems and the permitting 
involved with installation on WPI’s campus. Each of these relevant projects will be explored to discover 
if any information is useful to our particular project. 
 
2.7.1 FEASIBILITY STUDIES 
In 2010, a graduate student, Jamie Lynn Mayer, wrote her thesis, “Design of a Rooftop Photovoltaic 
Array for the George C. Gordon Library at WPI: Structural, Thermal, and Performance Analysis.” She 
gathered all the necessary information, chose a location for the photovoltaic array, and asked if WPI 
would install it. It was decided that the initial cost was too great. Now, there is much more funding 
available for energy projects such as this [17]. 
For an IQP in 2010, Nicholas Granata-Cappabianca, Andrew Laflash, and Erik Newman conducted an 
energy audit and feasibility study on solar panels for Atwater Kent.  In relation to the solar panel 
feasibility study, the group asserts that installation of such a system would provide 5% of Atwater 
Kent’s annual energy consumption [17]. 
 
2.7.2 RENEWABLE ENERGY BENEFITS 
In 2012, for an IQP, Bradford Bailey, Edward Galvin, and Timothy Moreau wrote a report about the 
necessity of finding new forms of energy. They explore a few types of renewable energy before focusing 
on wind energy. They argue that the initial cost of a wind turbine does not equal or surpass the potential 
gains over its lifetime, and that wind turbines have other beneficial effects on society such as job 
creation and tax incentives. This IQP will ensure that we cover all the bases in our argument of the 
feasibility or infeasibility of using wind energy on WPI’s campus [17]. 
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2.8 PRECEDENT OFF-CAMPUS PROJECTS 
There are a vast number of schools and organizations nationwide that are trying to make wind energy a 
more feasible option as well as install wind energy systems. Below are a few local organizations that 
have made notable progress in the area of installation and research of wind energy mechanisms. 
 
2.8.1 BAY PATH REGIONAL HIGH SCHOOL WIND STUDY 
Between May 2008 and July 2009, the Bay Path Regional High School conducted a wind study to assess 
possible sites, energy output, build-ability, permitting, budget, and maintenance. The assessment 
concluded that the conditions at the school were favorable to a Vestas VRRB PS 600kW or EWT 
900kW wind turbine. The study also concluded that the most beneficial ownership situation for the 
school would be to control the design phase of the project and then get a Power Purchase Agreement 
with a third-party owner [18]. 
 
2.8.2 HOLY NAME CATHOLIC HIGH SCHOOL WIND TURBINE PROJECT 
Energy costs at the Holy Name Catholic High School have been an ongoing concern for the school 
administrators.  As a result, Holy Name installed a large scale wind turbine which not only helps with 
the issue of energy costs, it has paved the way for system benefits such as upgraded energy security, 
increased reliability, and may even support the grid in case of partial failure.  The studies done in order 
to develop this wind turbine were conducted in 2004 by students from WPI.  The wind turbine was then 
connected directly to the school with excess electricity being sent to the local grid.  The school believes 
that this was not only an economic benefit, but also a way to fulfill their responsibilities toward the earth 
[19]. 
 
2.8.3 UNIVERSITY OF MASSACHUSETTS AMHERST WIND ENERGY CENTER 
Wind energy installations in the United States have grown significantly in the past decade.  With this 
growth comes the need for technological developments in turbine reliability, cost, and performance.  
The University of Massachusetts Amherst has been putting considerable effort into responding to this 
need for improved wind energy collection.  Their research consists of wind turbine aerodynamics, 
control, external conditions, blade materials, structural design, hybrid-systems, and many more areas of 
study [20]. 
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2.9 EDUCATIONAL RESOURCES 
The intent of this project is to provide the groundwork for a plan for installing a visual example of a 
non-intrusive wind power system on WPI’s campus.  The primary purpose of this turbine would be to 
assist in the education of the student body in matters of wind power, as well as to inspire the student 
body to encourage the use of and to improve the efficiency of alternative energy sources. 
A clear resource to be used in the development of this plan is the Boston Museum of Science.  The 
museum plays host to several useful exhibits, such as ‘Catch the Wind’, an exhibit that shows live data 
tracking of wind turbine sites across Massachusetts, as well as informs guests of the general process 
involved in installing turbines; and features its own small wind power systems on the roof of the 
museum [21]. 
Additionally, precedent off-campus and on-campus projects were assessed for their successes and 
conclusions in order to develop a practical and engaging plan for community involvement. Methods of 
educating people on the subject of wind power, like those at the Boston Museum of Science, helped us 
to decide on the best way to educate the WPI community. 
 
2.10 POLICY 
Like all sources of energy generation and construction projects, wind power is bound by regulation on 
federal, state, and sometimes local levels by employing the use of such tools as permitting processes; 
mandatory inspections, and zoning laws.  The legal policies surrounding wind power vary based on the 
type of wind power system, the location in which it is being built, generated noise, height, and various 
other criteria that are described in full within the bylaws and regulatory documents located in Appendix 
A.  Small wind power systems, with a small wind power system being defined as a system that is less 
than 250 feet in height, with the highest point being the tip of the turbine’s blade and the lowest point 
being the natural grade, or having a nameplate capacity of less than 100kW, are to be utilized for this 
project.  A general sense of the policies that most concern this project can be found below in Sections 
2.10.1 to 2.10.6. 
 
2.10.1 WORCESTER REQUIREMENTS FOR WIND POWER SYSTEMS 
Any plans or maps drafted for the purpose of installing any wind power system are to be drafted, 
approved and signed by a Massachusetts licensed professional engineer.  In addition to the 
professionally drafted plans, several documents are to be provided, which include but are not limited to a 
comprehensive site plan following outlined criteria, a plan for the operation and maintenance of the 
systems in question; proof of liability insurance, and a public outreach plan.  Full document 
requirements are listed in the City of Worcester Zoning Ordinance located in Appendix A. 
 
Any project involving the installation of wind power systems must comply with all preexisting local 
laws and ordinances and the site on which the systems are proposed to be installed must undergo review 
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by the Site Plan Review Authority to ensure that all regulations can be met on the site in question.  A 
building permit is required, and the fee associated with the permit must be provided as well.  In some 
cases outlined herein a special permit is required.  A full list of general requirements can be found in the 
City of Worcester Zoning Ordinance in Appendix A [22].  
 
2.10.2 WORCESTER ZONING REQUIREMENTS 
WPI is defined by the city of Worcester as an IN-S, or educational institutional, zoning district.  For IN-
S districts, no special permit is required from a Board for approval.  A building permit is still required, 
and the steps required in seeking a building permit are outlined in the City of Worcester Zoning 
Ordinance in appendix A.  Should the wind power systems exceed the dimensional requirements 
outlined in Article IV Section 13 – Section 13 of the City of Worcester Zoning Ordinance, a special 
permit should be sought.  The dimensional requirements, directly from the City of Worcester Zoning 
Ordinance, are as follows, where a WECF is known to be a wind energy conversion facility [22]: 
 
“E. Dimensional Requirements 
 
2. Small WECF. Notwithstanding anything to the contrary in Article IV-Section 4, Table 4.2, Small 
WECFs shall comply with the following requirements:  
a) Height  
 
i) Turbine height shall not exceed the height recommended by the manufacturer of the wind turbine and 
tower, or both, or ninety-five (95) feet, whichever is less.  
ii) The minimum distance between the ground and any part of a rotor, or turbine blade at its lowest 
position, shall be twenty (20) feet.  
 
b) Setbacks  
i) Wind turbines shall be setback a distance not less than one-hundred and sixty-five (165) feet from the 
nearest non-participating landowner’s occupied building. This setback distance shall be measured from 
the center of the wind turbine tower at its base to the nearest point on the foundation of a non-
participating landowner’s occupied building.  
ii) Wind turbines shall be setback a distance not less than 1.1 times the turbine height from the nearest 
wind turbine, abutting property owner’s property line, or existing above ground utility transmission 
line(s).” [22] 
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2.10.3 NOISE AND SIGNAL INTERFERENCE 
All systems are to comply with noise requirements laid out by the Department of Environmental 
Protection‘s Division of Air Quality Noise Regulations 310 CMR 7.10, as well as the City of Worcester 
Zoning Ordinance, which can both be found in Appendix A.  The City of Worcester Zoning Ordinance 
also specifies requirements for signal interference, which can be found below [22] [23]: 
 
“H. Signal Interference  
1. The WECF shall be certified by the manufacturer to be in conformance with the regulations of the 
Federal Communications Commission (47 CFR Part 15 as revised) relating to harmful interference with 
radio or television reception.  
2. The WECF owner or operator shall make reasonable efforts to avoid any disruption or loss of radio, 
telephone, television or similar signals, and shall mitigate any harm caused by the WECF.” [22] 
 
A pure tone condition must not be fulfilled.  The pure tone condition is a constant buzzing or humming 
sound that is generated as a result of the turbine.  The sound requirements for all wind power systems, 
directly from the City of Worcester Zoning Ordinance, can be found below: 
 
“F. Sound  
 
1. All WECFs shall comply with the provisions of the Department of Environmental Protection’s 
Division of Air Quality Noise Regulations (310 CMR 7.10) and associated policies.  
 
2. For all WECFs allowed by Special Permit in Table 4.1: Audible sound generated by a WECF 
shall not exceed fifty-five (55) dB(A), as measured at the exterior of any non-participating 
landowner’s occupied building except during short-term events such as utility outages and/or 
uncharacteristically windy periods. 
  
3. Notwithstanding anything to the contrary within this Section, for Small WECFs listed as of right 
in Table 4.1 and within 650 feet of the nearest non-participating landowner’s occupied building 
located within a residential district: Audible sound generated by a WECF shall not exceed fifty-
five (55) dB(A), as measured at the exterior of any non-participating landowner’s occupied 
building, located in a residential district, except during short-term events such as utility outages 
and/or uncharacteristically windy periods.” [22] 
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2.10.4 AVIATION REQUIREMENTS 
The FAA, or Federal Aviation Administration, must be notified if any construct is found to be 
interfering with airspace.  The FAA may be contacted and an aeronautical study and site evaluation may 
be requested.  There are no fees associated with a determination from the FAA.  Our proposed systems 
do not fall under FAA regulation, as the systems do not reach the FAAs height requirement or airspace 
presence requirement.  A complete list of all FAA regulation requirements can be found in part 77 of 
subchapter E of chapter 1 of title 14 of the FAA’s document found in Appendix A [24].   
 
2.10.5 SHADOW FLICKER 
In addition to FAA requirements, systems must adhere to the shadow flicker requirements laid out by 
the City of Worcester Zoning Ordinance, where shadow flicker is defined as the change in shading 
caused by rotating blades of a turbine.  Shadow flicker requirements, directly from the City of Worcester 
Zoning Ordinance, can be found below: 
“G. Shadow Flicker  
The facility owner and operator shall make reasonable efforts to minimize shadow flicker to any 
occupied building on a non-participating landowner’s property.” [22] 
 
2.10.6 GRID CONNECTION 
ISO New England must be contacted and informed of any intent to connect a generator to the grid.  An 
inspection must be conducted to determine the additional strain the proposed systems will cause on the 
grid.  This inspection will determine what electrical components must be installed to handle the effects 
of the new system on the grid, if any new components are needed.  Once the inspection is passed, a 
Generator Interconnection Request is to be submitted via either the appropriate form or the online utility 
provided on the ISO New England website.  The progress of the request may be tracked using the online 
application. 
The complexity of each potential case is highly variable and the required steps will become clearer as 
the project progresses and a system is selected.  Full requirements can be found in the documents 
STANDARD SMALL GENERATOR INTERCONNECTION AGREEMENT (SGIA), SMALL 
GENERATOR INTERCONNECTION PROCEDURES, and General Transmission System Design 
Requirements for the Interconnection of New generators (Resources) to the Administered Transmission 
System located in Appendix A [25] [26]. 
  
  IQP-PPM-1451 
 
  19 
3.0 METHODOLOGY & IMPLEMENTATION 
In order to establish a comprehensive plan for the effective installation and management of a wind 
turbine on WPI’s campus, steps of research, data collection, and location and wind system option 
analysis were undertaken.  The first step was to conduct background research in order to collect all 
information necessary to achieve the goals of this project.  These project goals are listed in Section 1.0.  
The information collected included, but was not limited to the mechanical workings of wind turbines 
and how they generate electricity, the generally accepted pros and cons of wind power, precedent 
projects involving wind power, current examples of small wind power systems, and the policy and 
permitting information necessary for this academic, City of Worcester, location. 
Data collection (see Section 3.1 for more detail) commenced quickly in order to have adequate amounts 
of data with which to draw conclusions.  Data collection involved obtaining and setting up anemometers 
at seemingly favorable locations on campus.  These locations, due to city-campus space constraints, 
were all rooftops except for those locations in the Wind Tunnel between Higgins Labs and the Alumni 
Gym.  The rooftops were chosen based on several factors including the rooftop visibility to the campus 
community, rooftop height, and rooftop openness or freedom from obstacles such as mechanical 
equipment (see Section 4.2 for details about specific locations).  For more information on the data 
collected at these locations, please see Section 4.1. 
A large part of the research was uncovering WPI’s community attitudes toward the use of wind power 
and other forms of renewable energy.  This was done by surveying the campus community at large with 
five carefully constructed questions about renewable energy and three questions regarding 
demographics.  For more information about the methodology of assessing community attitudes, please 
see Section 3.2, and to see the results of the survey, please visit Section 4.3. 
In order to sift through the large number of small wind turbine inventors, a specific methodology was 
followed.  After seeing the scattered array of small wind energy systems on the market, the choices had 
to be narrowed down to a solution that was feasible for WPI.  This was done by creating a list of 
priorities, and then collecting detailed information about systems that followed those priorities. For more 
detailed information about the methodology behind turbine selection please see Section 3.3. 
All of these studies came together to allow the creation of cost benefit analyses (Section 4.6) for specific 
systems, and our conclusion (Section 6.0).  
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3.1 DATA COLLECTION METHODOLOGY 
3.1.1 INSTRUMENTS 
The instruments provided for data collection are as follows: 
 
Campbell Scientific 014A-L Wind Anemometer (2) 
 
The Campbell Scientific 014A-L is a weather-resistant stationary anemometer that must be 
connected to a data logger in order to collect wind speed data.  It can be mounted on a flat surface 
and collect data for long periods of time.  The anemometer takes one reading every second and 
averages the readings based on the resolution the user sets.  For example, if we set the resolution to 
30 seconds, the anemometer will take 30 readings (one each second) and record the average of those 
readings. This anemometer is particularly useful for taking wind speed data on a roof.  Figure 3.1 
shows one of the anemometers setup on the roof of the Campus Center. 
 
 
Figure 3.1 Campbell Scientific 014A-L Wind Anemometer Campus Center Setup 
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Kestrel 4000 Handheld Wind Anemometer (with Bluetooth and Night Vision) 
 
The Kestrel 4000 is a weather-resistant, compact handheld anemometer that records data to an 
internal storage unit.  It was also purchased with a tripod mount, so it could be used as a stationary 
anemometer.  We used this tripod mount to attach the anemometer to a pole.  This allowed for 
collecting wind data in multiple locations in a time efficient and cost effective manner.  This 
anemometer records data in the same fashion as the Campbell Scientific 014A-L (recording one 
reading per second and averaging the readings based on an input resolution.  This is a versatile 
anemometer that was very useful in collecting Wind Tunnel wind speed data.  Figure 3.2 shows the 
Kestrel 4000 anemometer collecting wind speed data on the roof of Salisbury Labs. 
 
 
Figure 3.2 Kestrel 4000 Anemometer on the Salisbury Labs Roof 
 
 
3.1.2 ROOFTOP DATA COLLECTION 
A list of potential locations for a wind energy system on WPI’s campus was formed, as shown below.  
These locations are mapped out in Figure 3.3. 
 
Potential Locations: 
1) Campus Center Roof 
2) Daniels Hall Roof 
3) Higgins Labs Roof 
4) Gordon Library Roof 
5) Morgan Hall Roof 
6) Recreation Center Roof 
7) Salisbury Labs Roof 
8) Washburn Shops Roof 
9) Tunnel between Alumni Gym and Higgins Labs (Wind Tunnel) 
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Figure 3.3 Map of Potential Wind Turbine Locations 
 
When we started this project, one Campbell Scientific anemometer was stationed on the roof of Daniels 
Hall and the other on the roof of the Campus Center.  They were placed there with long-term data 
collection in mind, so the resolution on both was set to 15 minutes.  This allowed for the data loggers to 
store about 10 months of data.  After collecting this data from the anemometers, we realized that the 
Campus Center did not experience high enough wind speeds to effectively house a wind turbine. 
In order to decide on a rooftop location to collect data, we looked into roof construction, visibility, and 
relative wind speeds based on our experience surveying the roofs.  We decided to remove the 
anemometer on the Campus Center and station it on the Higgins Lab roof.  This allowed us to compare 
wind speed data from the Daniels Hall roof and the Higgins Lab roof (the roofs with the highest relative 
wind speeds).  This was done to decide which of the two buildings would be most favorable for a wind 
turbine.  We decided to set the resolution on the anemometers to 30 seconds in order to more closely 
compare the two locations.  Since the data loggers can only store so much data, we decided to go to the 
roofs every 2 weeks, collect the data, and reset the data logger.  Over the winter vacation (12/18/14 – 
1/21/15), we had the resolution set to 90 seconds in order to make sure the data logger would not start 
overwriting data. 
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3.1.3 WIND TUNNEL DATA COLLECTION 
In order to determine whether or not the Wind Tunnel actually amplifies the speed of the wind traveling 
between Alumni Gym and Higgins Labs, we compared the wind speeds in the Wind Tunnel and the roof 
of Higgins Labs.  To do this, we attached the Kestrel 4000 anemometer to a pipe, and we used that to 
measure the wind velocity within the tunnel once a day.  We gathered data at a resolution of 2 seconds at 
six different locations within the wind tunnel in order to formulate a distribution of the wind 
velocity.  The anemometer was held at heights of 1.5 meters and 5.0 meters for 30 seconds in each of the 
12 locations (15 data points per location per day).  The locations are shown in Figure 3.4. 
 
 
Figure 3.4 Overhead View of Location for Data Collecting in the Wind Tunnel 
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3.2 COMMUNITY ATTITUDE METHODOLOGY 
Community attitude was gauged with the use of a Qualtrics© survey sent out through email to various 
email aliases in order to reach the following groups of WPI undergraduates, graduates, staff, and faculty: 
 
 Mechanical Engineering major freshmen, sophomores, juniors, and seniors 
 Civil Engineering major freshmen, sophomores, juniors, and seniors 
 Electrical Engineering major freshmen, sophomores, juniors, and seniors 
 Architectural Engineering major freshmen, sophomores, juniors, and seniors 
 Environmental Engineering major freshmen, sophomores, juniors, and seniors 
 All active brothers of the on campus Sigma Pi Fraternity chapter 
 All campus employees 
 
The survey was available to the aforementioned groups from November 19, 2014 to February 12, 2015. 
Before the survey was made available to the WPI community, exemption from review by the 
Institutional Review Board (IRB) was sought and obtained.  The IRB exemption form can be found in 
Appendix C.   
First, survey participants were greeted by the following message: 
“The goal of our IQP is to uncover the potential for the installation of a renewable power 
generation system on WPI’s campus. Through these survey questions we would like to gain your 
perspective on renewable forms of electric power generation. Additionally we wish to determine 
whether certain renewable forms of electric power generation are, in your opinion, practical for 
widespread utilization. These forms include but are not limited to solar photovoltaic cells, 
hydroelectric systems, wind turbines, and biofuels.” 
 
Once survey participants were introduced to our IQP, the following questions were asked in this order.  
A full analysis and explanation of the results for each question can be found in Section 4.3. 
 
Question 1: How important do you believe renewable power generation is? 
 
Purpose 
To gauge general community attitude towards renewable energy. 
 
Methods 
Multiple Choice 
 Very unimportant 
 Unimportant 
 Neutral 
 Important 
 Very important 
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 I don't know 
Text Box for comments 
 
Question 2: Do you believe WPI should implement any form of renewable power generation on 
campus? 
 
Purpose 
To discern community attitude towards a more aggressive sustainability plan. 
 
Method 
Multiple Choice 
 Yes 
 No 
 
Question 3: Please rate the following renewable power generation methods according to your 
opinion on their practicality. 
Purpose 
To determine community attitude towards wind power relative to other renewable power 
generation methods. 
 
Methods 
Multiple Choice for each renewable power generation option, including solar photovoltaic cells, 
hydroelectric systems, wind turbines, and biofuels 
 Very impractical 
 Impractical 
 Neutral 
 Practical 
 Very practical 
 I don't know  
Text Box for comments 
 
Question 4: Have you had an experience with renewable power? If so, was the experience 
beneficial or detrimental? Please explain. 
 
Purpose 
To determine whether or not a significant portion of the community has had an experience with 
renewable power, and if they have, whether that experience was positive or negative. 
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Methods 
Multiple Choice 
 No experience 
 Very positive 
 Positive 
 Neutral 
 Negative 
 Very negative 
 I don't know  
Text Box for comments 
 
Question 5: Please rate the visual appearance of the following renewable power generation 
methods. 
Purpose 
To determine whether or not a large portion of the community believes wind power to be 
visually unappealing. 
 
Methods 
Multiple Choice for each alternative power generation option, including solar photovoltaic cells, 
hydroelectric systems, wind turbines, and biofuels: 
 Visually intrusive 
 Neutral 
 Visually appealing 
 I don't know 
Text Box for comments 
 
Question 6: What is your class year or role at WPI? 
 
Purpose 
To better understand what cross-section of the community is filling out this survey. 
 
Method 
Multiple Choice 
 Freshman 
 Sophomore 
 Junior 
 Senior 
 Graduate Student 
 Faculty/Staff 
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Question 7: In which field are you working/studying? 
Purpose 
To better understand what cross-section of the community is filling out this survey. 
 
Method 
Text Box 
 
Question 8: What organizations are you involved in? 
 
Purpose 
To better understand what cross-section of the community is filling out this survey. 
 
Method 
Text Box 
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3.3 TURBINE SELECTION METHODOLOGY 
Each turbine found during research went through a test of priorities to find the most viable choice for use on 
WPI’s campus. This test of priorities is illustrated by the flowchart in Figure 3.5. 
 
Figure 3.5 Turbine Selection Method Flow Chart 
 
This system was necessary to eliminate those system models and manufacturing companies that did not 
qualify for support by WPI.  In this way, any products that did not fit our need and companies that were 
disreputable were no longer considered. If the wind energy system passed this priority test, it was moved 
on to cost benefit analysis in conjunction with the most promising locations (see Section 4.6). 
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4.0 RESULTS 
Potential wind turbine locations on WPI’s campus were assessed based on roof construction, collected 
wind speed data, and general visibility of the location.  The WPI community attitudes towards 
sustainable energy were also assessed based on a Qualtrics© survey sent to undergraduate students, 
graduate students, faculty, and staff.  The following sections show our results and conclusions as related 
to wind energy and it’s feasibility on WPI’s campus. 
 
4.1 WIND DATA RESULTS AND ANALYSIS 
In order to decide which area on WPI’s campus would be most suitable for a wind turbine, we collected 
wind velocity data from different locations on campus using a Campbell Scientific 014A-L Wind 
Anemometer. Using this data, we can estimate the power that would be generated by a given turbine in 
each location. Wind data plots for Daniels Hall, Higgins Labs, the Campus Center, and Worcester 
Airport are shown in Figure 4.1. It is important to point out that the data from 2010 was the most recent 
data available from Worcester Airport. The data we have from Daniels Hall, Higgins Labs, and the 
Campus Center are from the most recent years, 2013, 2014, and 2015.  Even so, the correlation between 
the Campus Center, Daniels Hall, and Worcester Airport data is evident. 
 
Figure 4.1 Monthly Average Wind Speed Comparison 
 
Assuming that the winter months are December through mid-March, we should actually expect higher 
wind speeds than in the spring and summer months (mid-March through August). Overall, the wind 
speeds at Worcester Airport are roughly 2 m/s higher than the data collected from the roof of Daniels 
Hall (shown in Figure 4.1). The openness and elevation of the area around Worcester Airport likely 
contributed to this 2 m/s difference in wind speed. 
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4.1.1 DANIELS HALL & HIGGINS LABS COMPARISON 
The Daniels Hall roof and Higgins Labs roof experienced the highest wind speeds (shown in Figure 
4.1).  In order to decide which roof would be a more feasible location for a wind turbine, we collected 
data from both roofs at a resolution of 90 seconds instead of the original 15 minute resolution.  With this 
data and previously collected data from Daniels Hall, histograms were formulated to better judge which 
roof had higher and more consistent wind speeds (shown in Figure 4.2 and 4.3). 
When comparing the two locations, it is important to find the amount of time the wind speed at each 
location is above the wind speeds at which prospective turbines start to generate power.  Most of the 
turbines that have been considered for roof mounting begin collecting energy when wind speeds are 
above 2.0-2.5 m/s.  Figure 4.2 and 4.3 show that the roof of Daniels Hall experiences wind velocities 
above 2.5 m/s for 40.4% of the time while the Higgins Labs roof only experiences similar winds 33.7% 
of the time. 
 
 
Figure 4.2 Daniels Hall Wind Velocity Histogram (12/13/13 – 1/21/15) 
 
See Appendix B.1-B.11 for a monthly breakdown of the Daniels Hall data. 
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Figure 4.3 Higgins Labs Wind Velocity Histogram (11/7/14 – 1/21/15) 
 
Based on this comparison, Daniels Hall has proven to be a more feasible location for wind energy 
collection than Higgins Labs.  The roof of Daniels Hall experiences wind speeds above 2.5 m/s 
significantly more often than the roof of Higgins Labs as shown in Figures 4.2 and 4.3.  This means that 
a turbine on the roof of Daniels Hall would generate more energy than the same turbine on the roof of 
Higgins Labs.  Furthermore, the winds experienced on the roof of Higgins Labs are far more turbulent 
than those experienced on the roof of Daniels Hall.  This can be attributed to the mechanical equipment 
on the roof of Higgins Labs, which may be negatively affecting the flow. 
 
4.1.2 WPI’S “WIND TUNNEL” 
The space between Higgins Labs and the Alumni Gym (known by students, staff and faculty as the 
“Wind Tunnel”) was thought to act as a funnel or Venturi whereby the wind speed is increased.  To 
assess the potential for installation of a wind turbine at this location, we compared the wind velocity of 
12 locations in the Wind Tunnel (6 locations at a height of 1.5 meters, and the same 6 locations at a 
height of 5 meters as shown in Figure 4.4), and one location on the roof of Higgins Labs.  The roof wind 
data were collected with a Campbell Scientific 014A-L Wind Anemometer at a 30 second resolution and 
the Wind Tunnel data were collected with a Kestrel 4000 handheld anemometer at a 2 second resolution. 
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Figure 4.4 Overhead View of Location for Data Collecting in the Wind Tunnel 
 
The highest wind speeds in the Wind Tunnel are experienced at the 5 meter height, specifically at 
locations 1, 2, and 5. The lower height of 1.5 meters had generally lower wind speeds than the 5 meter 
height. Based on the data collected, it appears as though the wind traveling through the Wind Tunnel 
acts like fluid flowing through a pipe. The friction of the walls of the Wind Tunnel slow down the wind 
at locations 1, 3, 4, and 6, leaving the wind to move faster in the central locations, 2 and 5.  Although 
locations 2 and 5 experience higher wind speeds than the other Wind Tunnel locations, these wind 
speeds are not higher than that of the Higgins Labs roof.  Figures 4.5 and 4.6 below compare the Higgins 
Labs roof and Location 2 in the Wind Tunnel (at 1.5m and 5m). Both sets of data follow the same trend 
but there are differences in the wind velocity between the Higgins Labs roof and Wind Tunnel Location 
2.  This can be attributed to the fact that the Wind Tunnel experiences strong but short bursts of wind 
while the Higgins Labs roof experiences more constant winds.  With this being said, the winds on the 
Higgins Labs roof are still turbulent, just not to the same extent as in the Wind Tunnel.   
This analysis shows that, although the Wind Tunnel does experience high wind speeds, the wind speeds 
in the Tunnel are not higher than those on the roof of Higgins Labs.  For this reason, we did not consider 
the Wind Tunnel as a location for the installation of a wind energy system for this IQP. The Wind 
Tunnel is a possible location for a wind energy system, but further research is necessary to determine 
specific heights, fixturing, and noise considerations. 
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Figure 4.5 Wind Tunnel Location 2 (1.5m) and Higgins Labs Wind Velocity Comparison 
 
 
Figure 4.6 Wind Tunnel Location 2 (5m) and Higgins Labs Wind Velocity Comparison 
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4.2 LOCATION DOCUMENTATION 
In order to find the most advantageous location for a rooftop wind turbine, we gathered data and 
researched several factors, including wind speeds, turbine location visibility, relative costs, roof 
construction, and turbulence.  The Campus Center, Daniels Hall, Higgins Labs, Gordon Library, Morgan 
Hall, Recreation Center, Salisbury Labs, Washburn Shops, and the Wind Tunnel were the nine locations 
chosen.  These particular locations were chosen based on their height above campus and their openness 
(free from obstructions, such as trees and buildings), as well as the site’s visibility to the campus 
community.  The resulting in-depth investigation revealed the true state of the various roofs’ relative 
costs and benefits. 
Table 4.1 directly compares all seven explored locations in terms of:  percentage of time that wind 
speeds are greater than 2.5 m/s (the start-up speed for most turbines); visibility to the community, which 
could be high or moderate; the construction of the roof, and accordingly the relative cost of 
accommodating a turbine on the roof, which is indicated as low, medium or high cost.  A description of 
the acquisition of this information can be found in 3.0. 
The first factor compared here, the percentage of time that wind speeds are greater than 2.5 m/s 
represents the amount of time during the year that the wind turbine would actually turn.  This 
information, combined with gathered wind speed data, would allow an estimation of energy generation 
particular to the location and turbine.  The second factor, possible turbine visibility, is a very important 
benefit of the location.  The more visible the turbine is, the more attention it will receive from the 
Worcester community, the WPI community, and potential students.  The third factor, roof construction, 
will either allow installation or not allow installation, which may reduce the number of location choices. 
The fourth factor is the cost of preparing the area for installation, relative to the other locations, and does 
not include the cost of the installation of the turbine.  This is a characteristic of the roof, not the turbine. 
 
Table 4.1 Location Multi-Factor Comparison 
Location 
Name 
Percentage of 
Time Wind 
Speeds > 2.5 m/s 
Possible 
Turbine 
Location 
Visibility 
Roof Construction Relative 
Cost ($) 
Campus 
Center Roof 
10.0% High  71,000 square foot student building 
opened in March 2001 
 Concrete deck roof 
 Would be structurally sufficient to support 
the weight of a small turbine 
Low 
Daniels Hall 
Roof 
40.4% High  Residence hall, renovated summer 2011 
 Slab and post with concrete slab deck 
 Combined with visibility and wind speed 
factors, would be an excellent choice for a 
wind turbine 
Low 
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Table 4.1 Continued… Location Multi-Factor Comparison 
Location 
Name 
Percentage of 
Time Wind 
Speeds > 2.5 m/s 
Possible 
Turbine 
Location 
Visibility 
Roof Construction Relative 
Cost ($) 
Higgins Labs 
Roof 
33.7% Moderate  Academic building completed in 1942, 
refurbished recently 
 Poured concrete pan deck roof with some 
slate 
 Slate would not support a wind turbine, 
nor would the elevator shaft cover where 
the anemometer collecting the data is 
presently located  
 Equipment on the roof, causing 
turbulence 
Medium 
Gordon 
Library Roof 
N/A* Moderate  Completed in 1967, the roof of Gordon 
Library is wide and open 
 Extremely low wind speeds did not 
warrant further exploration of the roof 
construction 
Medium 
Salisbury 
Labs Roof 
N/A High  Academic building, completed in 1898 
 Wood beam roof construction with 
exterior and interior load-bearing walls 
 Due to turbine weight, a support system to 
straddle the load-bearing walls would 
have to be constructed 
High 
Washburn 
Shops Roof 
N/A Moderate  Academic building, renovated in 1984 
 Slate roof, which would not support the 
weight of a wind turbine 
 The penthouse roof was considered 
(newly reconstructed); the penthouse is 
not WPI owned 
Medium 
Wind Tunnel 60.8%** High  Further research is necessary to determine 
optimal height and specific fixturing for 
the wall 
N/A 
 
*N/A, as referred to in this table, means that the information is not available. 
**The percentage of time wind speeds are greater than 2 m/s for the Wind Tunnel indicated here is that 
of Location 1 at a height of 5 meters, which according to the data collected, is the most probable 
location for a wind turbine.  The data were taken at a resolution of 2 seconds for 30 seconds per day. 
 
The following analysis explains the factors for each explored location and specifies why the location 
was further considered or removed from consideration.  A summary of each location’s merits and/or 
problems is provided here. 
Campus Center – The Campus Center was chosen for consideration because it is a central point on 
campus, students go to it every day and a turbine would be very visible on the roof.  Data were already 
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available for the roof, so it could also be used as a frame of reference.  Even though the Campus Center 
is a newer building with robust roof construction that could support a wind turbine, the wind speed 
results from the stationary anemometer placed on the roof of the Campus Center were too low to support 
going further.  Due to the low wind speeds, this location was not investigated further. 
Daniels Hall – Daniels Hall was chosen because it is the tallest building, with most level, and most open 
roof on campus.  The Daniels Hall roof construction is sturdy enough to support a roof mounted turbine, 
and wind speed data has been collected since December 2014.  The wind speed data is very favorable, 
the turbine would be in a very visible and open location, and the floor below the turbine holds only 
mechanical rooms, so there would be no disruption to the residents of the hall. 
Higgins Labs – Higgins Labs was chosen for its proximity to the Wind Tunnel.  The wind speed data 
gathered from the roof of Higgins Labs was used to determine if wind speeds within the Wind Tunnel 
were increased by the funnel-like construction of the Wind Tunnel (see Section 4.1.2).  In this way, it 
was discovered that wind speeds on Higgins Labs were favorable.  The roof construction of Higgins 
Labs is weaker than the roof construction of Daniels Hall with patches of slate in unknown locations on 
the Higgins Labs roof, but fixturing may still be possible.  Wind speeds are also favorable, but there are 
less data currently available.  The wind turbulence on the roof is very high, and there is a lot of 
mechanical equipment on the roof, so locating a turbine in a space without turbulence might be difficult.  
Higgins Labs is a second choice for locating a wind turbine. 
Gordon Library - Gordon Library was discounted because the surrounding buildings and the hill block 
too much of the wind.  The wind speeds on the roof were extremely low.  Due to these low wind speeds, 
Gordon Library was not considered an acceptable location. 
Morgan Hall - The roof of Morgan Hall is slightly lower in elevation and older than Daniels Hall roof.  
There is some mechanical equipment on this roof as well.  The Morgan Hall roof was not considered 
because a turbine on the roof would not be very visible to campus and the wind speeds on the Daniels 
Hall roof would be stronger and more consistent.  Although it may be an acceptable location for a wind 
turbine, Daniels Hall is taller, obstruction free, and more visible from a distance. 
Recreation Center - The Recreation Center is a new building, therefore the roof would be suitable for a 
wind turbine.  This building was not considered because the roof holds a significant amount of 
mechanical equipment and a turbine on this roof would not be very visible to the campus community. 
Salisbury Labs - The roof construction of Salisbury Labs is weaker than the roof of Daniels Hall, but 
because the exterior and two interior walls are load-bearing, fixturing is possible.  Unfortunately, the 
high cost of preparing the roof to support a turbine would make Salisbury Labs an impossible location at 
this time, even though the wind speeds are very favorable.  Due to the roof and building construction, 
Salisbury Labs was not considered an acceptable location. 
Washburn Shops - The roof construction of Washburn Shops is all slate, which makes the roof much 
weaker than the roof of Daniels Hall. The wind speeds were somewhat slower than Daniels Hall, 
Higgins Labs, and Salisbury Labs, although long-term data were not collected. Also, trees block some of 
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the lower roof and the unobstructed penthouse is owned by Verizon, so even if this location was 
favorable, it isn’t usable. Due to these several factors, Washburn Shops was not investigated further. 
Wind Tunnel - WPI’s “Wind Tunnel” was explored and is believed to warrant further research. The 
wind speeds recorded here were comparable to the roof of Higgins Labs, and were also more 
consistently high. Three of the six locations experienced wind speeds strong enough for a turbine. Wall 
fixturing and health considerations may present difficulty. This IQP has provided the data needed to 
justify installing a wind turbine in a few of the locations in the tunnel, but this is outside the scope of the 
project. If any subsequent groups would like to explore this option further, the wind data is available for 
their use. 
The wind speeds on the Campus Center, Gordon Library, and Washburn Shops were generally lower 
than those on Daniels Hall, Salisbury Labs, and in the Wind Tunnel, based on data collected either by 
the handheld Kestrel anemometer or by stationary anemometer. Due to the wind speeds found on these 
roofs, the three locations, Campus Center, Gordon Library, and Washburn Shops were not pursued. 
Morgan Hall and the Recreation Center were mainly discounted due to the low visibility of the roof 
from street level. If a turbine were to be installed, the view and necessary wind would be obstructed. 
Salisbury Labs is not being considered due to the low load the roof can bear and the high costs of 
strengthening the roof. Daniels Hall and Higgins Labs continue to be considered in the remainder of the 
analysis. 
Daniels Hall is the primary location recommended for installation of a wind turbine based on more 
consistent wind, less turbulence, higher visibility to the campus community, stronger roof, and abundant 
options for locating a turbine due to the openness of the roof. Higgins Labs is the secondary location 
recommended for installation of a wind turbine due to its higher wind speeds, moderate to high visibility 
to the campus community, and moderately strong roof. 
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RESPONDENTS 
Freshmen - 13% Sophomores - 18%
Juniors - 18% Seniors - 19%
Graduate Students - 16% Staff / Faculty - 15%
4.3 COMMUNITY ATTITUDES 
The WPI community attitudes towards wind power, as well as visible renewable energy in general, were 
gauged with the use of a Qualtrics© survey sent to WPI freshmen, sophomores, juniors, seniors, 
graduate students, staff, and faculty.  The survey was available to the aforementioned groups from 
November 19, 2014 to January 15, 2015, following the approval of the Institutional Review Board 
exemption application, which can be found in Appendix C. 
The survey consisted of 8 questions, with 5 addressing community attitude and understanding about 
renewable energies and 3 addressing the academic class, major field of study, and organizational 
involvement of the individual taking the survey.  More information about the respondents and number of 
completed surveys can be found in Table 4.2 and Figure 4.7, where Table 4.2 shows general information 
about the number of completed surveys and Figure 4.7 shows graphically the class year of respondents 
as reported by question 6. 
A breakdown of the survey results in a question by question, group by group format can be found below.  
Questions 6, 7, and 8 address personal information of the individual respondent, which, as stated above, 
can be seen in Table 4.2 and Figure 4.7. 
 
Table 4.2 General Survey Information 
Survey Responses 426 
Completed Surveys 361 
Survey Completion Rate 84.7 
  
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
Figure 4.7 General Respondent Information 
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Freshmen, sophomores, juniors and seniors will be grouped into one large group titled ‘undergraduates’.  
It can be seen that responses for each group do not vary from one another in a significant way when the 
individual graphs are studied.  The graphs for each group may be found in Appendix C. 
 
4.3.1 QUESTION 1:  IMPORTANCE OF RENEWABLE POWER 
 
“How important do you believe renewable power generation is?” 
 
The goal of question one was to confirm that the majority of the WPI campus believed that renewable 
energy was an important investment.  It was indeed confirmed, as 80% of respondents rated renewable 
power generation as important or very important.  Figure 4.8 shows the percentage of each group that 
responded with each answer. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.8 Question 1 Response:  Importance of Renewable Power 
 
It can be seen that the majority of individuals in all groups surveyed are of the belief that renewable 
power generation is a very important pursuit, with the undergraduate population believing the pursuit of 
renewable power generation to be more important than the other two groups.  In addition to this 
observation, it is clear that there are more polarized responses than neutral ones, as ‘very important’ and 
‘very unimportant’ are more popular choices than their less extreme counterparts.  It would seem that 
most opinions on the importance of renewable power generation are powerful ones. 
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4.3.2 QUESTION 2:  IMPLEMENTATION OF RENEWABLE POWER 
 
“Do you believe WPI should implement forms of renewable power generation on campus?” 
 
Question 2 was used to determine whether or not the WPI community was in support of the presence of 
renewable power generation on campus.  The response was positive, with 89% of respondents answering 
‘yes’. 
A number of comments were submitted by respondents, with nearly all comments referencing the 
importance of a cost benefit analysis.  A complete list of survey comments can be found in Appendix C. 
Figure 4.9 shows the percentage of responses for each group per response option. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.9 Question 2 Response:  Implementation of Renewable Power 
 
Once again, the undergraduates are slightly more in favor of renewable energy generation, while the 
graduate students and faculty and staff members are more skeptical.  However, all groups can be said to 
be largely in favor of a stronger sustainable energy presence on the WPI campus. 
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4.3.3 QUESTION 3:  RATING RENEWABLE POWER 
 
“Please rate the following renewable power generation methods according to your opinion on 
their practicality.” 
 
The goal of question 3 was to determine how the WPI community ranked wind power relative to other 
methods of renewable power generation.  Wind was the second most popular method in respect to both 
positive responses and lack of negative responses. 
Figure 4.10 shows the aggregate response for all groups rating their conception of the relative 
practicality of four types of renewable energy generation, with those types being solar photovoltaic cells, 
hydroelectric systems, wind turbines, and biofuels.  Unlike the previous figures, Figure 4.10 does not 
display responses in groups based on class year. 
There was not a significant difference among the response trends of each class year.  Charts for each 
group can be found in Appendix C. 
Figure 4.10 Question 3 Response:  Rating Renewable Power 
 
Solar can be seen to be perceived as the most practical, followed closely by wind.  Solar leads in lack of 
negative response and lack of neutrality in addition to percentage of positive response, with wind power 
once again following in second for both categories. 
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4.3.4 QUESTION 4:  AESTHETICS RATING 
 
“Please rate the visual appearance of the following renewable power generation methods.” 
 
It is a well-known controversy that wind turbines have been accused of being visually displeasing or 
intrusive.  The goal of question 4 was to determine whether or not a significant portion of the WPI 
community was of the belief that wind turbines were not visually pleasing.  Once again, a wind turbine 
was found to be the second most favorable option, but was also the most polarizing, with the highest 
standard deviation and variance in response. 
Figure 4.11 shows the response visually by percentage 
for each system, while Table 4.3 shows a numerical 
representation of response.  A response of ‘visually 
intrusive’ carried a value of 1, ‘neutral’ carried a value 
of 2, and ‘visually pleasing’ carried a value of 3. 
The response is independent of class year at WPI, as 
there was no significant variation in response trend.  A 
full breakdown of question 4 responses by group can 
be found in Appendix C. 
 
 
Table 4.3 Question 4 Auxiliary Data 
Figure 4.11 Question 4 Response: Aesthetics Rating 
 
Wind Turbine Mean 
Wind Turbine Variance 
Wind Turbine Std. Deviation 
2.26 / 3 
0.58 
0.76 
Solar Mean 
Solar Variance 
Solar Std. Deviation 
2.46 / 3 
0.36 
0.60 
Hydroelectric Mean 
Hydroelectric Variance 
Hydroelectric Std. Deviation 
2.10 / 3 
0.36 
0.60 
Biofuels Mean 
Biofuels Variance 
Biofuels Std. Deviation 
2.09 / 3 
0.24 
0.49 
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4.3.5 QUESTION 5:  RENEWABLE POWER EXPERIENCES 
 
“Have you had an experience with renewable power? If so, was the experience beneficial or 
detrimental? Please explain.” 
 
Question 5 was asked in order to ascertain whether or not the community had any outstanding 
experiences with renewable power generation, with an underlying goal of determining specific 
experiences related to wind turbines. 
The majority had no experience, with most negative experiences being credited to visual intrusion, a 
lack of competitive potential versus fossil fuels, or poorly optimized projects failing to meet expectation.  
Most positive experiences were credited to personal solar panels. 
It can be seen in Figure 4.12 that roughly 45% – 50% of all groups have no reported experience with 
renewable power.  Of those who do have experience with renewable power, the experiences are largely 
positive.  Individual graphs for responses by group can be found in Appendix C. 
 
Figure 4.12 Question 5 Response:  Renewable Power Experiences 
 
 
 
0
10
20
30
40
50
60
70
Other / More
Specific
No Experience Negative
Experience
Neutral Experience Positive
Experience
P
er
ce
n
t 
o
f 
R
es
p
o
n
se
s 
Question 5 Response 
Undergraduates Graduates Faculty / Staff
  IQP-PPM-1451 
 
  44 
0
10
20
30
40
50
60
70
80
Other / More
Specific
Very
Unimportant
Unimportant Neutral Important Very
Important
P
er
ce
n
t 
o
f 
R
es
p
o
n
se
s 
Question 1 Response Based on Experience 
No Experience Positive Experience
Neutral Experience Negative Experience
4.3.6 QUESTION 1 RESPONSE BASED ON EXPERIENCE 
An important aspect of analysis was to determine how trends in perceived importance varied with 
experience with sustainable energy.  For this aspect of analysis, responses were tabulated individually 
based on responses to question 5.  The results are displayed below in Figure 4.13 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.13 Experience based response to Question 1 
Surprisingly, the majority of those who reported negative experiences with renewable power generation 
still believe renewable power generation to be very important.  Even more surprisingly, those who 
reported positive experiences with renewable power generation responded with ‘very unimportant’ at an 
almost equivalent frequency to those who reported negative experience. 
In addition to this, it can be observed in Figure 4.13 that the percentage of respondents who rated 
renewable power generation as ‘very important’ are nearly identical for the groups who reported neutral, 
positive, or no experience. 
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4.3.7 ANALYSIS 
It can be seen in Figure 4.10 and Figure 4.11 that Solar is the most popular choice for the WPI 
community.  Solar is rated to be the most visually appealing, is believed to be the most practical, and is 
credited to the highest number of positive past experiences, while maintaining a relatively low variance 
and standard deviation for each question. 
For each question where multiple renewable power generation methods are in question, wind power 
maintains a spot as the second most desirable.  The response is largely positive, however wind power is 
polarizing when it comes to opinions of visual intrusion. 
It can also be shown that each academic class, as well as faculty and staff, has similarly aligned 
responses to each question.  Freshmen, sophomores, juniors, seniors, graduate students, and faculty or 
staff members consistently have comparable opinions and similarly shaped charts and figures. 
A notable result of the survey is that for the WPI community, even within the faculty and staff group, 
few individuals have reported experience with renewable energy, though even those who reported 
negative experience still rated renewable power generation to be very important as a majority.  It can be 
argued that exposure to alternative energy for educational benefit is an interest of the WPI community 
based on the positive response to question 2. 
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4.4 COMMUNITY INVOLVEMENT 
It is a stated goal of this project to make campus wind data more readily available to the WPI 
community, as well as to encourage students to better develop wind power systems.  In an effort to fulfil 
this goal, as well as to bolster the educational benefit of the potential systems in general, a plan for 
general community involvement has been created.  This plan is modeled after the wind labs and exhibits 
in place currently at the Boston Museum of Science. 
The first step of this plan involves making campus wind data more readily available to the WPI 
community.  It is the belief of this project group that the most effective and direct way to make available 
campus wind data is to link to our collected, tabulated, and analyzed data on the sustainability section of 
the WPI website.  Doing so would provide individuals with the need for such data with months of easy 
to interpret readings of wind speeds, and in some cases, wind direction, of several points on campus, 
with those points being Higgins Labs, the Campus Center, the Wind Tunnel, and Daniels Hall.  
Anemometers remain on Daniels Hall and Higgins Labs and continue to collect readings of wind speeds, 
which can be periodically collected and added to the existing data. 
The WPI Sustainability Office is in the process of posting our results to their website.  These results 
include tabulated wind speed data, location results, turbine recommendations, and community attitudes 
toward renewable energy sources.  Along with these results, this IQP report will appear in full. 
The second step involves the implementation of a dashboard should wind power systems be installed on 
the WPI campus.  A dashboard is a system that allows for the public display of data related to the 
systems to which they are linked, such as energy output in the case of a wind power system.  A 
dashboard would offer an easy to view feed of educational information that would serve as an asset to 
the educational goals of this project. 
As researched, a potential dashboard is the Lucid™ Building Dashboard©.  The Building Dashboard© 
allows members of the WPI community to see real time data about the school’s energy consumption and 
energy production, and can track any system or sub-meter at variable time intervals.  The Lucid™ 
Building Dashboard© is available as a web app and as a kiosk display.  The Lucid™ Building 
Dashboard© is just one of many dashboards that could be employed to further the educational benefit of 
potential wind power systems. 
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4.5 TURBINE INFORMATION/SPECIFICATIONS 
Several models of wind turbine were researched and examined as to their potential for use by WPI (see 
Section 3.3 for a breakdown of this selection and elimination process). The information and 
specifications for those wind turbine models acceptable for use at WPI are included here. The 
information and specifications for each turbine were gleaned directly from the wind turbine 
manufacturers’ websites or through telephone conversations with associated persons. 
 
4.5.1 WINDGENERATOR© 24V 
The Windgenerator© 24V, shown in Figure 4.14, is a small and lightweight, roof-mountable, horizontal-
axis wind turbine manufactured by SilentWind™ [27]. SilentWind™ is a German company based in 
Portugal with partners E-Marine in Fort Lauderdale, Florida, and Webosolar in Emeryville, California. 
 
 
Figure 4.14 SilentWind™ Windgenerator© 24V, images from [27] 
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The specifications in Table 4.4 are those advertised by the manufacturer, SilentWind™, and can be 
found in the SilentWind™ Generator Product Manual in Appendix D. 
 
Table 4.4 Characteristics of the Windgenerator© 24V 
Rotor Diameter 1.15 m (3.8 ft.) 
Weight 22 lbs. (10 kg) 
Swept Area 1.04 m
2
 (11.34 ft
2
) 
Start-up Speed 2.5 m/s (5.6 mph) 
Rated Speed 14.5 m/s (32.44 mph) 
Maximum Speed 33.9 m/s (75.8 mph) 
Rated Power 500 W 
Blade Material carbon fiber 
Rated Voltage 48 VDC 
Quantity of Blades 3 
Weight of Blade 0.33 lbs. (150 g) 
Rotation Speed/Range of Charging 550 – 1600 rpm 
Generator Weight 15 lbs. (6.8 kg) 
Packing Dimensions 30.7 x 15.7 x 8.27 in.  (780 x 400 x 210 mm) 
Color white RAL 9010, powder coated 
Charge Indicator blue LED 
 
The maintenance and warranty information for the Windgenerator© 24V can be found on pages 14 and 
19, respectively, of the SilentWind™ Generator Product Manual, which can be found in Appendix D. 
The SilentWind™ Generator Product Manual also includes trouble shooting on page 14. 
 
MAINTENANCE 
The SilentWind™ Generator Product Manual asserts that the Windgenerator© 24V has been designed 
for “…troublefree long-term use”, maintenance which they state as “…not necessary” (SilentWind™ 
Generator Product Manual, page 14, see Appendix D) [27]. All mechanical systems need maintenance to 
operate at their highest efficiency and checkups are recommended. 
 
WARRANTY 
The warranty company is Rulis Electrica Lda.. The SilentWind™ generator itself, in this case the 
Windgenerator© 24V has a period of warranty of 36 months (3 years), and the charge controller has a 
period of warranty of 24 months (2 years). The warranty covers manufacturing defects discovered 
within these periods, but does not cover routine work, repair and/or replacement of consumable parts, or 
transport risk. The full warranty can be found on page 19 of the SilentWind™ Generator Product 
Manual, Appendix D. 
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4.5.2 VISIONAIR3© 
The VisionAir
3
©, shown in Figure 4.15, is a medium-sized, roof mountable, vertical-axis wind turbine 
manufactured by Urban Green Energy™ located in New York City, New York [28]. The company helps 
their customers find the best source of power for their location, whether that is wind power, solar power, 
or a combination of the two. 
 
 
Figure 4.15 VisionAir
3
©, image from [28] 
 
The specifications in Table 4.5 were advertised by the manufacturer of VisionAir
3
©, Urban Green 
Energy™, and can be found in the VisionAir3© Owner’s Manual and the VisionAir3© Technical 
Specifications, located in Appendix D. 
  
  IQP-PPM-1451 
 
  50 
Table 4.5 Characteristics of the VisionAir
3
© 
Rotor Height 3.2 m (10.5 ft.) 
Rotor Width 1.8 m (5.9 ft.) 
Weight 662 lbs. (300 kg) 
Swept Area 5.76 m
2
 (62 ft
2
) 
Start-up Wind Speed 3.5 m/s (8 mph) 
AWEA* Rated Speed 11 m/s (24 mph) 
Maximum Power Wind Speed 14 m/s (110 mph) 
Cut-out Wind Speed 20 m/s (44 mph) 
Survival Wind Speed  50 m/s (110 mph) 
Rated Power 1000 W 
Blade Material Fiberglass 
Weight of Blades 55 lbs. (25 kg) 
Rotation Speed 200 rpm 
Generator Type 3-phase permanent magnet 
Rated Output (off-grid) 270 VDC 
Generator & Axis Weight 288.8 lbs. (131 kg) 
Connecting Arm Weight 21 lbs. (9.5 kg) 
Shipping (2 boxes) 1040 lbs. (470 kg) 
*The American Wind Energy Association (AWEA) is a trade organization that advocates for wind 
energy and participates in standardization and control [29]. 
 
The maintenance and warranty information for the VisionAir
3
© can be found on pages 37 to 41 of the 
VisionAir
3
© Owner’s Manual. This document can be found in Appendix D. 
 
MAINTENANCE 
The warranty requires a Maintenance Agreement whereby the VisionAir
3
© undergoes maintenance once 
within the first month after installation and then yearly thereafter. The VisionAir
3
© Owner’s Manual 
specifies weather conditions and proper shutdown of the turbine before maintenance. 
 
WARRANTY 
The VisionAir
3
© carries an Urban Green Energy™ Inc. three year limited warranty for which the 
turbine must be strictly registered and for which the new turbine must undergo regular maintenance. The 
warranty covers material and manufacturing defects, but not damage from misuse or minor 
imperfections that are functional and within design tolerances. 
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4.6 FUNDING AND COST BENEFIT ANALYSIS 
A cost-benefit analysis was conducted for both the Windgenerator© and VisionAir
3
©.  This allowed for 
us to determine which turbine would be a better investment for WPI based on the turbines’ various costs, 
annual energy savings, and social benefits. 
The expenses necessary to complete a cost-benefit analysis are as follows: 
1) Turbine Cost: This covers the cost of the turbine alone without a maintenance plan or shipping.   
 
2) Turbine Shipping Cost: This cost varies based on where the turbine is coming from, how much it 
weighs, and the dimensions of the packaging.  Due to difficulties in ascertaining shipping quotes, 
values were either estimated using a postage calculator or marked with N/A, not available. 
 
3) Preparation & Engineering Survey Cost: This covers the cost of a structural engineer surveying 
and approving the roof for installation of the turbine.  This also covers the cost of opening up the 
roof, fixating a mount, and re-sealing the roof. 
 
4) Installation Cost: This covers the cost of moving the turbine onto the roof and installing it on a 
mount previously prepared on the roof.  This was rated at ~20% of the turbine cost to account for 
unforeseen moving costs and the increased weight and size that comes with more expensive 
turbines. 
 
5) Maintenance Cost: This cost varies based on the lifetime of the turbine.  It covers expenses for 
replacement of blades and any internal parts that may fail or rust over time.  Some turbines are 
sold with a fairly short-term maintenance plan, but these do not always cover the main 
components that need to be replaced over time. 
 
6) Contingency Cost: ~10% of the cost of the turbine must be saved in case any unforeseen 
expenses arise while installing or maintaining the turbine. 
 
In order to potentially alleviate the financial burden associated with the installation of wind power 
systems, potential funding routes were investigated.  These potential routes included government grants 
through the federal government and the Massachusetts Clean Energy Center, third party grants and 
funding channels such as National Grid sponsorships, and alternative energy based tax benefits.  
Unfortunately, it was found that the tax exempt status of the Worcester Polytechnic Institute and the low 
energy yield of the systems of the type considered here would not allow for any of the aforementioned 
channels to be utilized. 
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4.6.1 WINDGENERATOR© COST-BENEFIT ANALYSIS 
For a wind turbine to be cost effective, the cost savings from the generated energy must exceed the total 
cost of the turbine over the course of its lifetime.  Table 4.6 shows a breakdown of the expenses 
involved in installing and maintaining the Windgenerator© if installed on the roof of Daniels Hall.  
Values that could not be determined are marked with an N/A (not available).  In order to calculate an 
estimate of the annual energy output of the Windgenerator© 24V, we used the wind speed data collected 
from Daniels Hall and Higgins Labs, the power output curve for the Windgenerator© shown in Figure 
4.16, and the wind energy equations discussed in Section 2.0. 
COSTS 
Table 4.6 Windgenerator© Turbine Total Cost (Daniels Hall Roof Installation) 
 Minimum Cost Maximum Cost 
Turbine Cost (excluding shipping) N/A $1,800 
Turbine Shipping Cost* 34 125 
Preparation & Engineering Survey Cost 5,000 10,000 
Installation Cost (~%20 of Turbine Cost) N/A 360 
Maintenance Cost N/A 0 
Contingency Cost (~%10 of Turbine Cost) N/A 180 
Total Cost 7,374 12,465 
*This value was calculated using the United States Postal Service Postage Price Calculator with the zip 
code of the closest distributor location, Ft. Lauderdale FL 33312, the zip code of WPI, 01609, and the 
weight and dimensions of the package, 22 lbs. and 30.7 x 15.7 x 8.27 inches, respectively, as described 
in Section 4.5.1. 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.16 Windgenerator© 24V Power Curve, image from [27] 
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The annual energy output and energy savings below are estimates based on the power output of the  
Windgenerator© at given wind speeds and the percentage of time each rooftop (Daniels Hall and 
Higgins Labs) experiences these wind speeds.  See Appendix B Tables 1 and 2 for detailed calculations 
of the annual energy output and energy savings. 
Annual Energy Output: 
 Daniels Hall – 28.08 kWh 
Higgins Labs – 22.32 kWh 
Annual Energy Savings (*based on an energy price of $0.182/kWh): 
 Daniels Hall – $5.11/year 
 Higgins Labs – $4.06/year 
*energy price based on WPI’s energy cost per kWh in December 2014 
Payback Time 
The payback time can be calculated with the annual energy savings and total cost of the turbine.  Any 
payback times for the turbines being considered would be extremely long and surpass the lifetime of the 
turbine.  Although these payback times are not favorable, there are numerous benefits that outweigh this 
cost such as educational, advertisement, and sustainability benefits.  
 
4.6.2 VISIONAIR3© COST-BENEFIT ANALYSIS 
Table 4.7 shows the expenses involved in installing and maintaining the VisionAir
3
© on the roof of 
Daniels Hall.  Values that could not be determined are marked with an N/A (not available). 
COSTS 
Table 4.7 VisionAir
3
© Turbine Total Cost (Daniels Hall Roof Installation) 
 Minimum Cost Maximum Cost 
Turbine Cost (excluding shipping) N/A $13,000 
Turbine Shipping Cost N/A N/A 
Preparation & Engineering Survey Cost 5,000 10,000 
Installation Cost (~%20 of Turbine Cost) N/A 2600 
Maintenance Cost N/A 0 
Contingency Cost (~%10 of Turbine Cost) N/A 1300 
Total Cost $21,900 $26,900 
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Figure 4.17 shows the power output curve for the VisionAir
3
©. 
 
 
Figure 4.17 VisionAir
3
© Power Curve 
 
The annual energy output and energy savings below are estimates based on the power output of the  
VisionAir
3
© at given wind speeds and the percentage of time each rooftop (Daniels Hall and Higgins 
Labs) experiences these wind speeds.  See Appendix B Tables 3 and 4 for detailed calculations of the 
annual energy output and energy savings. 
Annual Energy Output: 
 Daniels Hall – 78.87 kWh 
Higgins Labs – 60.45 kWh 
Annual Energy Savings (*based on an energy price of $0.182/kWh): 
 Daniels Hall – $14.35/year 
 Higgins Labs – $11.00/year 
*energy price based on WPI’s energy cost per kWh in December 2014 
 
4.6.3 OVERALL BENEFITS 
Educational Benefits 
A wind turbine opens up opportunity for enhanced education, research, and utilities for bringing 
information to the WPI community.  Students studying fluid mechanics, material sciences, mechanical 
engineering, electrical engineering, environmental science and many other topics would enjoy having a 
fully functioning wind turbine available for research on campus.  Students leaving WPI would be able to 
tap directly into the growing renewable energy market.  Research topics involving the wind turbine 
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would include optimizing fluid flow over a turbine blade, turbine blade materials, optimizing the 
sustainability and efficiency of the turbine manufacturing process, electricity generation, cost reduction, 
and heat loss reduction.  Renewable energy is the way of the future, and WPI could be a participant in 
remedying the oncoming energy crisis. 
In addition to being a source for research, the wind turbine could be a stepping stone for other student 
projects.  Some ideas might be incorporating the turbine into coursework, creating a turbine testing 
facility, installing other turbines, researching turbine chaining or fixturing turbines in the Wind Tunnel. 
As expressly preferred in the Installation Plan, a dashboard would allow the entire WPI community to be 
constantly aware of the energy the wind turbine(s) was producing and the wind speeds it was 
experiencing.  Another possibility for a subsequent IQP or MQP would be the integration of that 
dashboard with campus-wide energy use and production. 
 
Wind Turbine Testing Facility Benefits (data, education, etc.) 
A Wind Turbine Testing Facility would be very rewarding for WPI.  A Wind Turbine Testing Facility 
could simply consist of two locations on a roof set up to accommodate wind turbines, on one of which 
would be mounted WPI’s own turbine.  The other location would be free to mount any wind turbine that 
WPI wishes to research or compare with the existing turbine.  This is akin to the wind turbine test 
facility that exists at the Boston Museum of Science [29].   
 
Advertising Benefits (tours, admission, awareness, etc.) 
A wind turbine on Daniels Hall or Higgins Labs would be very visible to the WPI and Worcester 
community; therefore, WPI’s publicity would increase significantly.  WPI Admissions would be able 
point out the wind turbine to their tours and explain how students were working with the turbine for 
research and coursework.  Pictures of the turbine could be used on admissions materials, for official use, 
and to make alumni proud. 
 
Sustainability Benefits 
Due to unsustainability of the turbine manufacturing process as it exists today, the sustainability of the 
turbine is due to its production of clean electricity. WPI’s Sustainability Plan seeks to eventually turn to 
more sustainable energy-production methods, and the installation of this turbine would be a step in this 
direction.  Inherently, if the turbine is used as an educational tool, turbines and the manufacturing 
process will be improved upon by students during their time at WPI and hopefully continuing forward. 
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4.6.4 COMPARISON OF ACCEPTABLE WIND TURBINES 
Table 4.8 compares the specifications for the two wind turbines previously analyzed, the 
Windgenerator© and the VisionAir
3
©.  When looking at this information keep in mind that the 
Windgenerator© is a horizontal axis turbine, whereas VisionAir
3
© is a vertical axis turbine.  The most 
notable specifications are the large difference in weight, 22 lbs. and 662 lbs., and the difference in start-
up speed, 2.5 m/s and 3.5 m/s. 
Table 4.8 Comparison of Acceptable Wind Turbines 
 Windgenerator© VisionAir
3
© 
Rotor Diameter/Width 1.15 m (3.8 ft.) 1.8 m (5.9 ft.) 
Rotor Height - 3.2 m (10.5 ft.) 
Weight 22 lbs. (10 kg) 662 lbs. (300 kg) 
Swept Area 1.04 m
2
 (11.34 ft
2
) 5.76 m
2
 (62 ft
2
) 
Start-up Speed 2.5 m/s (5.6 mph) 3.5 m/s (8 mph) 
Rated Speed 14.5 m/s (32.44 mph) 11 m/s (24 mph) 
Maximum Speed 33.9 m/s (75.8 mph) 14 m/s (110 mph) 
Rated Power 500 W 1000 W 
Blade Material carbon fiber fiberglass 
Rated Voltage (off-grid) 48 VDC 270 VDC 
Quantity of Blades 3 - 
Weight of Blade 0.33 lbs. (150 g) 55 lbs. (25 kg) 
Rotation Speed/Range of Charging 550 – 1600 rpm 200 rpm 
Generator Weight 15 lbs. (6.8 kg) 288.8 lbs. (131 kg) + axis 
Packing Details 
30.7 x 15.7 x 8.27 in.  (780 x 
400 x 210 mm) 
1040 lbs. (470 kg) 2 boxes 
 
Table 4.9 compares the cost benefit analyses of the Windgenerator© and the VisionAir
3
©.  First the 
costs are compared, then the benefits.  The costs of the VisionAir
3
© are about two times those of the 
Windgenerator©, but the energy benefits are almost three times higher (based on the higher number if a 
range is presented).  The non-monetary benefits are the same for both turbines and are explained in 
Section 4.6.3. 
The Windgenerator© is a 500W small sized, roof-mountable wind turbine designed and sold by 
SilentWind™ [26], while the VisionAir3© is a 1000W medium-sized, roof-mountable turbine designed 
and sold by Urban Green Energy™ [28]. There are several characteristics specific to both the 
Windgenerator© and the VisionAir
3
© that make them favorable for use on WPI’s campus. 
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A major benefit of the Windgenerator© turbine is that it can be assembled without the help of a 
SilentWind™ technician and it only weighs 22 lbs.  This saves both the costs of paying a technician to 
come to WPI and the cost of moving the turbine to the roof. The VisionAir
3
© on the other hand would 
require a specialist and a crane to install.  It greatly surpasses the Windgenerator© in size and weight, 
but its size can be beneficial as it allows the turbine to be seen from a greater distance that 
Windgenerator©. 
Table 4.9 Cost Benefit Comparison 
 Windgenerator© VisionAir
3
© 
Turbine Cost (excluding shipping) $1,800 $13,000 
Turbine Shipping Cost 34-125 N/A 
Preparation & Engineering Survey Cost 5,000-10,000 5,000-10,000 
Installation Cost (~%20 of Turbine Cost) 360 2600 
Maintenance Cost 0 0 
Contingency Cost (~%10 of Turbine Cost) 180 1300 
Annual Energy Output 
Daniels Hall – 28.08 kWh 
Higgins Labs – 22.32 kWh 
Daniels Hall – 78.87 kWh 
Higgins Labs – 60.45 kWh 
Annual Energy Savings 
Daniels Hall – $5.11/year 
Higgins Labs – $4.06/year 
Daniels Hall – $14.35/year 
Higgins Labs – $11.00/year 
 
The small size of the Windgenerator© accounts for its low power output and low initial cost.  Although 
the VisionAir
3
© is much larger, it only produces about twice the power and has a significantly higher 
initial cost.  This relatively small increase in produced power could be due to many variables, which 
may include the orientation of the turbine (vertical axis, instead of horizontal axis), the blade material 
(carbon fiber, instead of fiberglass), and general design. 
Although the Windgenerator© turbine doesn’t produce a significant amount of power, it has a very low 
start-up speed of 2.5 m/s.  The VisionAir
3
© begins generating power at a wind speed of 4.0 m/s, which 
is significantly higher than the start-up speed of the Windgenerator©.  As a result of these specifications, 
the VisionAir
3
© would only turn for about 10.5% of the year (38 days/year) on the chosen location of 
Daniel’s Hall roof, while the Windgenerator© would turn for 40.5% of the year (148 days/year).  Due to 
these calculated statistics and other factors mentioned above, the Windgenerator© is more useful in its 
capacity as an education tool. 
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4.7 RECOMMENDATIONS 
Wind Turbine Installation 
As previously discussed in Section 4.6, the benefits of a wind turbine on WPI’s campus pertain to the 
educational value, not the energy output of the turbine.  We also concluded that the roof of Daniels Hall 
would be a more viable option for mounting a turbine than the roof of Higgins Labs as laid out in 
Section 4.2.  Since a turbine is being used as an educational tool, the turbine that spins more often and is 
the least expensive should be the top choice.  For these reasons, we recommend that the 
Windgenerator© be installed on the roof of Daniels Hall.  Although the Windgenerator© is smaller and 
therefore less visible than the VisionAir
3
©, it is less expensive and would spin more often.  This is 
important because viewers passing by the turbine would rather see a small turbine consistently spinning 
than a large turbine sitting still. 
 
Lucid Dashboard 
As discussed in Section 4.4, the Lucid™ Building Dashboard© would be a positive addition to WPI’s 
campus.  The flexibility of this dashboard would allow it to be accessed from Kiosk computers and track 
real-time energy use and production.  These data could be integrated into other campus projects and 
coursework.    
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5.0 CONCLUSION 
Small roof mounted wind power systems are feasible for the WPI community in the case of educational 
benefit through methods such as community involvement via a dashboard or simple visibility.   The cost 
benefit analysis shows that wind power systems are not feasible in cases of economic benefit, as the 
expected lifespan of any system on the market today is not great enough to allow any researched system 
to pay itself off based on the wind speeds of the locations we measured.   
Of all the locations from which data were collected by this project group, with those locations being 
Daniels Hall, Higgins Laboratories, the Rubin Campus Center, and the Wind Tunnel, Daniels hall was 
determined to be the most feasible spot due to its wind speed and the percentage of time wind speeds are 
above 2.5 m/s, which is the minimum speed for each of the potential systems outlined in this report to 
spin the rotors.  While the wind tunnel had consistently high wind speeds, the zoning requirements 
outlined in section 2.10 would not allow for a system to be installed in that area. 
The WPI community has shown via the Qualtrics© survey that they are greatly in favor of an increased 
sustainable energy presence on campus.  While solar was the most popular choice by respondents, wind 
power maintained a second place spot in each question where multiple sustainability methods were 
compared to one another.   
The data collected by this IQP, in both raw and interpreted and tabulated form, can be made available to 
the WPI community via the sustainability portion of the WPI website in an effort to allow for future 
projects requiring such data to have quick and easy access.  Anemometers remain on the Daniels Hall 
and Higgins Labs rooftops and continue to collect data that can be easily retrieved.  Should wind power 
systems be installed, their educational benefit could be increased via the utilization of a dashboard to 
allow for real time display of system specifications and statistics. 
The results and tangential aspects of this project, such as the readily available campus wind data, the 
National Grid wind turbine, or the wind tunnel data, allow for project continuation for a variety of 
passions and pursuits.  Potential project continuations are listed in detain in Section 5.1. 
 
5.1 FUTURE WORK  
With the completion of our project, many opportunities will be available for future project groups to 
continue our work.  The data collected during our project will serve to assist project groups in installing 
turbines or other wind energy systems.  The data has led to conclusions as to the most favorable 
locations for one or many of these systems on WPI’s campus.  These locations include the Wind Tunnel 
and the roofs of Daniels Hall and Higgins Labs.  There are several projects that we have begun, 
including establishing a location in the Wind Tunnel, finding a possible energy dashboard, and 
establishing chances for continuing education with the students, staff and faculty.  These potential 
projects are detailed here: 
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1) Wind Tunnel 
The Wind Tunnel has been surveyed at 6 locations, each at two heights (1.5 and 5.0m).  It can be 
seen that by comparing the wind data collected in the Wind Tunnel to the wind data collected at 
other locations of a similar altitude that the wind tunnel allows for higher wind speeds.  A 
potential IQP/MQP could be to access the feasibility of installing wind energy systems in 
similarly formed architectures elsewhere to best utilize this phenomenon. 
 
2) Roof Mounted Turbine 
This report serves as a plan for the installation of a turbine on the roof on one of the buildings on 
WPI’s campus.  The steps for completing the installation of a wind turbine on either the roof of 
Daniels Hall or the roof of Higgins Labs involve the purchase and assembly of one of the 
suggested roof-mounted turbines, roof preparation, and installation of the turbine.  It would be 
highly beneficial for multiple project groups to pursue installing turbines.  The installation of 
turbines would allow for further research and curriculum based around mechanical 
improvements and turbine maintenance. 
 
3) Wind Turbine Facility/Test Center 
Daniels Hall has one of the most recently constructed roofs on campus, is free of obstructions, 
and very open to winds.  A wind turbine test facility could be built on the Daniels Hall roof and 
used for research or course curriculum. 
 
4) Energy Dashboard 
An energy dashboard would be beneficial to WPI’s campus especially when accompanied by a 
wind turbine and other forms of sustainable energy generation.  Students, faculty, staff, and other 
viewers would be able to look at the respective energy systems and their impact on campus-wide 
energy.  This would raise awareness about the wind turbine and other forms of energy on campus 
as well as how much energy each building is consuming.  From here, other project groups could 
make an effort to lower the amount of energy a certain building is using by surveying its current 
setup and improving on it.  
 
5) Wind Energy at other Universities 
Other universities that would like to conduct a project similar to ours can use our final report as a 
procedure for their projects.  This could be particularly beneficial for universities in Worcester 
that lie at a higher elevation than WPI.  They would most likely experience very similar wind 
speeds and would have to follow the same wind turbine regulations as WPI.  
  IQP-PPM-1451 
 
  61 
6.0 BIBLIOGRAPHY 
1) "Fossil Fuels." Institute for Energy Research. Institute for Energy Research, 2014. Web. 25 Feb. 
2015. <http://instituteforenergyresearch.org/topics/encyclopedia/fossil-fuels/>. 
 
2) "Renewable Energy." Institute for Energy Research. 
Http://instituteforenergyresearch.org/topics/encyclopedia/renewable-energy/, 2014. Web. 02 
Mar. 2015. <http://instituteforenergyresearch.org/topics/encyclopedia/renewable-energy/>. 
 
3) "U.S. Wind Industry Third Quarter 2014 Market Report." American Wind Energy Association. 
American Wind Energy Association, 2014. Web. 05 Mar. 2015.  
 
4) "Energy Dept. Reports: U.S. Wind Energy Production and Manufacturing Reaches Record 
Highs." Energy.gov. U.S. Department of Energy, 8 Aug. 2013. Web. 04 Mar. 2015. 
<http://energy.gov/articles/energy-dept-reports-us-wind-energy-production-and-manufacturing-
reaches-record-highs>.  
 
5) "What Is Distributed Wind?" Distributed Wind Energy Association. Distributed Wind Energy 
Association, 27 Jan. 2014. Web. 04 Mar. 2015. <http://distributedwind.org/home/learn-about-
distributed-wind/what-is-distributed-wind/>.  
 
6) "The History of Solar." (n.d.): n. pag. U.S. Department of Energy - Energy Efficiency and 
Renewable Energy. U.S Department of Energy. Web. 5 Mar. 2015. 
<https://www1.eere.energy.gov/solar/pdfs/solar_timeline.pdf>. 
 
7) Layton, Julia.  "How Wind Power Works"  09 August 2006.  HowStuffWorks.com. 
<http://science.howstuffworks.com/environmental/green-science/wind-power.htm>  30 
September 2014. 
 
8) "17. The Betz Limit - and the Maximum Efficiency for Horizontal Axis Wind Turbines.Can It 
Be Exceeded and Does It Apply to Vertical Axis Wind Turbines?" WindPower Program. N.p., 
n.d. Web. 04 Mar. 2015. <http://www.wind-power-program.com/betz.htm>. 
 
9) Kukreja, Rinkesh. "7 Pros and Cons of Wind Energy - Conserve Energy Future." Conserve 
Energy Future. Conserve-Energy-Future, 08 Jan. 2015. Web. 04 Mar. 2015. 
<http://www.conserve-energy-future.com/pros-and-cons-of-wind-energy.php>. 
 
10) Maehlum, Mathias A. "Wind Energy Pros and Cons." Energy Informative. Energy Informative, 6 
Dec. 2013. Web. 11 Feb. 2015. <http://energyinformative.org/wind-energy-pros-and-cons/>. 
 
11) Burns, Chris. "One Component Wind Power." Yanko Design. Yanko Design, 3 Dec. 2010. Web. 
04 Mar. 2015. <http://www.yankodesign.com/2010/12/03/one-component-wind-power/>. 
  IQP-PPM-1451 
 
  62 
 
12) Chino, Mike. "Modular Architectural Wind Microturbines Take Off."Inhabitat- Design Will save 
the World. Inhabitat.com, 10 June 2008. Web. 04 Mar. 2015. <http://inhabitat.com/architectural-
wind-modular-wind-turbines/>. 
 
13) "The Wind Sphere™." GreenEnergy Technologies: Wind Energy for Your World. GreenEnergy 
Technologies, LLC, n.d. Web. 15 Apr. 2014. 
 
14) "Quiet Revolution." Vertical Wind. N.p., n.d. Web. 24 Sept. 2014. 
<http://www.verticalwindturbineinfo.com/vawt-manufacturers/quiet-revolution/>. 
 
15) "Bluenergy Solarwind™." Bluenergy Solarwind™. Bluenergy Solarwind, Inc., 2009. Web. 04 
Mar. 2015. <http://www.bluenergyusa.com/>. 
 
16) "Humdinger Wind Energy." Humdinger Wind Energy. Humdinger Wind Energy, LLC, 2010. 
Web. 15 Apr. 2014. 
 
17) "Summon." Worcester Polytechnic Institute - Gordon Library. Worcester Polytechnic Institute, 
n.d. Web. 04 Mar. 2015. <http://libguides.wpi.edu/summon>. 
 
18) Technical Analysis for On-Site Wind Generation Draft Report. Bay Path Regional Vocational 
Technical High School and Sustainable Energy Developments, 2009. Digital file. 
 
19) Holy Name Catholic High School. Holy Name Central Catholic Jr. Sr. High School, n.d. Web. 
10 Sept. 2014. <http://www.holyname.net/green/index.html>. 
 
20) University of Massachusetts Wind Energy Center. U of Massachusetts Amherst, 2014. Web. 10 
Sept. 2014. <http://www.umass.edu/windenergy/research.php>. 
 
21) "Wind Turbine Lab." Museum of Science, Boston. N.p., n.d. Web. 04 Mar. 2015. 
 
22) "City of Worcester Zoning Ordinance."Mass.gov. Web. 3 Feb. 2015. 
<http://www.worcesterma.gov/uploads/8b/ef/8befc46d7f82719dc9032b971b0e6a8c/zoning-
ord.pdf>. 
 
23) "310 CMR." Mass.gov Dept. of Environmental Protection. Web. 
<http://www.mass.gov/eea/docs/dep/service/regulations/310cmr07.pdf>. 
 
 
 
 
  IQP-PPM-1451 
 
  63 
24) "ECFR — Code of Federal Regulations."ECFR — Code of Federal Regulations. Web. 4 Mar. 
2015. <http://www.ecfr.gov/cgi-bin/text-
idx?c=ecfr&SID=c8249ffcf00702681c0db64333e1d83d&rgn=div5&view=text&node=14:2.0.1.
2.9&idno=14#sp14.2.77.a>. 
 
25) "New or Modified Interconnections." New or Modified Interconnections. Web. 4 Mar. 2015. 
<http://www.iso-ne.com/participate/applications-status-changes/new-modified-
interconnections>. 
 
26) "SMALL GENERATOR INTERCONNECTION PROCEDURES." ISO-NE. Web. 
<http://www.iso-ne.com/static-
assets/documents/regulatory/tariff/sect_2/sch23/sch_23_sgip.pdf>. 
 
27) "Small Wind Turbines | SilentWind™ - Wind Generators." SilentWind™. N.p., n.d. Web. 16 
Feb. 2015. <http://www.SilentWind™generator©.com/en>. 
 
28) Urban Green Energy. Urban Green Energy, 2015. Web. 05 Mar. 2015. 
<http://www.urbangreenenergy.com/>. 
 
29) AWEA - American Wind Energy Association. AWEA - American Wind Energy Association, 
2013. Web. 03 Mar. 2015. <http://www.awea.org/>.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  IQP-PPM-1451 
 
  A 
APPENDIX A – POLICY DOCUMENTS 
Contains: 
1) City of Worcester Zoning Ordinance 
http://www.worcesterma.gov/uploads/8b/ef/8befc46d7f82719dc9032b971b0e6a8c/zoning-
ord.pdf 
2) 310 CMR 7.10 U Noise 
http://www.mass.gov/eea/docs/dep/service/regulations/310cmr07.pdf 
3) ECFR — Code of Federal Regulations ECFR 
http://www.ecfr.gov/cgi-bin/text-
idx?c=ecfr&SID=c8249ffcf00702681c0db64333e1d83d&rgn=div5&view=text&node=14:2.0.1.
2.9&idno=14#sp14.2.77.a 
4) SMALL GENERATOR INTERCONNECTION PROCEDURES – ISO NE 
http://www.iso-ne.com/static-assets/documents/regulatory/tariff/sect_2/sch23/sch_23_sgip.pdf 
5) New or Modified Interconnections – ISO  NE 
http://www.iso-ne.com/participate/applications-status-changes/new-modified-interconnections 
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APPENDIX B – WIND DATA 
Contains: 
1) Extended Wind Data 
2) Extended Cost Benefit Analysis Calculations 
  
FIGURES B.1 - B.11:  MONTHLY WIND DATA FROM DANIELS HALL ROOF 
 Monthly wind velocity data collected from the Daniels Hall roof  - 15 minute resolution 
 Data were collected from 12/13/13 to 10/3/14 
 
Figure B.1 Daniels Hall December 2013 Wind Velocity Histogram (1788 Readings) 
 
 
 
Figure B.2 Daniels Hall January 2014 Wind Velocity Histogram (2976 Readings) 
 
0.00%
10.00%
20.00%
30.00%
40.00%
50.00%
Pe
rc
en
ta
ge
 o
f T
im
e
Wind Velocity (m/s)
0.00%
10.00%
20.00%
30.00%
40.00%
50.00%
Pe
rc
en
ta
ge
 o
f T
im
e
Wind Velocity (m/s)
 
Figure B.3 Daniels Hall February 2014 Wind Velocity Histogram (2688 Readings) 
 
 
 
Figure B.4 Daniels Hall March 2014 Wind Velocity Histogram (2976 Readings) 
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Figure B.5 Daniels Hall April 2014 Wind Velocity Histogram (2880 Readings) 
 
 
 
Figure B.6 Daniels Hall May 2014 Wind Velocity Histogram (2976 Readings) 
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Figure B.7 Daniels Hall June 2014 Wind Velocity Histogram (2880 Readings) 
 
 
 
Figure B.8 Daniels Hall July 2014 Wind Velocity Histogram (2976 Readings) 
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Figure B.9 Daniels Hall August 2014 Wind Velocity Histogram (2976 Readings) 
 
 
 
Figure B.10 Daniels Hall September 2014 Wind Velocity Histogram (2880 Readings) 
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Figure B.11 Daniels Hall October 2014 Wind Velocity Histogram (231 Readings) 
 
 
Figure B.12 Daniels Hall 12/18/14 - 1/21/15 Wind Velocity Histogram (90 second resolution) 
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Figure B.13 Higgins Labs 12/18/14 - 1/21/15 Wind Velocity Histogram (90 second resolution) 
  
FIGURES B.14 - B.25:  HIGGINS LABS & WIND TUNNEL VELOCITY COMPARISON 
 Higgins Labs Roof Readings - 30 second resolution 
 Wind Tunnel Readings - 2 second resolution 
 *The average of 15 data points collected in the Wind Tunnel is being compared against 
one reading from the Higgins Labs roof* 
 
 
Figure B.14 Wind Tunnel Location 1 (1.5m) and Higgins Labs Wind Velocity Comparison 
 
 
 
Figure B.15 Wind Tunnel Location 2 (1.5m) and Higgins Labs Wind Velocity Comparison 
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Figure B.16 Wind Tunnel Location 3 (1.5m) and Higgins Labs Wind Velocity Comparison 
 
 
 
Figure B.17 Wind Tunnel Location 4 (1.5m) and Higgins Labs Wind Velocity Comparison 
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Figure B.18 Wind Tunnel Location 5 (1.5m) and Higgins Labs Wind Velocity Comparison 
 
 
 
Figure B.19 Wind Tunnel Location 6 (1.5m) and Higgins Labs Wind Velocity Comparison 
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Figure B.20 Wind Tunnel Location 1 (5m) and Higgins Labs Wind Velocity Comparison 
 
 
 
Figure B.21 Wind Tunnel Location 2 (5m) and Higgins Labs Wind Velocity Comparison 
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Figure B.22 Wind Tunnel Location 3 (5m) and Higgins Labs Wind Velocity Comparison 
 
 
 
Figure B.23 Wind Tunnel Location 4 (5m) and Higgins Labs Wind Velocity Comparison 
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Figure B.24 Wind Tunnel Location 5 (5m) and Higgins Labs Wind Velocity Comparison 
 
 
 
Figure B.25 Wind Tunnel Location 6 (5m) and Higgins Labs Wind Velocity Comparison 
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TABLES B.1 – B.4:  PROJECTED ANNUAL ENERGY OUTPUT 
 
Tables B.1 – B.4 show the data used to calculate the energy output and cost savings of the 
Windgenerator and VisionAIR3 if installed on the roof of Daniels Hall or Higgins Labs.  The 
values for energy are calculated for each velocity with the equation below: 
ܧ ൌ 12ܣݐߩܸ
ଷܾ 
E = Energy output for a given velocity (kWh) 
A = Turbine swept area (m2) 
t = Time (sec) 
p = Air density (kg/m3) 
V = Wind velocity (m/s) 
b = Turbine Efficiency 
 
The values for energy at each velocity are then summed to find the total projected annual energy 
output. 
 
Table B.1 Windgenerator Energy Output (Daniels Hall Roof Installation) 
Wind Velocity 
Percentage of 
Time/Year Power (W) Energy (kWh) 
Min wind speed (m/s): 2.2 2.5 13.68% 2.56 3.07
air density (kg/m3): 1.23 3 9.71% 4.42 3.76
Swept Area (m2): 1.04 3.5 6.60% 7.02 4.06
Turbine Efficiency: 0.26 4 4.32% 10.48 3.97
Cost per kWh: $0.182 4.5 2.59% 14.92 3.38
5 1.51% 20.47 2.71
Annual Output (kWh): 28.08 5.5 0.90% 27.24 2.15
Annual Savings: $5.11 6 0.47% 35.37 1.44
6.5 0.30% 44.97 1.16
7 0.14% 56.16 0.71
7.5 0.11% 69.08 0.65
8 0.06% 83.83 0.44
8.5 0.03% 100.56 0.28
9 0.01% 119.36 0.10
9.5 0.01% 140.38 0.09
10 0.00% 163.74 0.05
10.5 0.00% 189.55 0.02
11 0.00% 217.93 0.05
 
 
 
Table B.2 Windgenerator Energy Output (Higgins Labs Roof Installation) 
Wind Velocity 
(m/s) 
Percentage of 
Time/Year Power (W) Energy (kWh) 
Min wind speed (m/s): 2.2 2.5 12.15% 2.56 2.72
air density (kg/m3): 1.23 3 8.26% 4.42 3.20
Swept Area (m2): 1.04 3.5 5.23% 7.02 3.21
Turbine Efficiency: 0.26 4 3.22% 10.48 2.96
Cost per kWh: $0.182 4.5 1.96% 14.92 2.56
5 1.26% 20.47 2.25
Annual Output (kWh): 22.32 5.5 0.73% 27.24 1.74
Annual Savings: $4.06 6 0.42% 35.37 1.29
6.5 0.24% 44.97 0.93
7 0.12% 56.16 0.61
7.5 0.08% 69.08 0.46
8 0.03% 83.83 0.19
8.5 0.02% 100.56 0.13
9 0.00% 119.36 0.02
9.5 0.00% 140.38 0.01
10 0.00% 163.74 0.00
10.5 0.00% 189.55 0.01
11 0.00% 217.93 0.00
 
 
Table B.3 VisionAIR3 Energy Output (Daniels Hall Roof Installation) 
Wind Velocity 
(m/s) 
Percentage of 
Time/Year Power(W) Energy (kWh) 
Min wind speed (m/s): 2.2 4 4.32% 48.06 18.19
air density (kg/m3): 1.23 4.5 2.59% 68.43 15.52
Swept Area (m2): 5.76 5 1.51% 93.87 12.42
Turbine Efficiency: 0.21 5.5 0.90% 124.95 9.87
Cost per kWh: $0.182 6 0.47% 162.21 6.62
6.5 0.30% 206.24 5.34
Annual Output (kWh): 78.87 7 0.14% 257.59 3.24
Annual Savings: $14.35 7.5 0.11% 316.82 3.00
8 0.06% 384.51 2.00
8.5 0.03% 461.20 1.28
9 0.01% 547.47 0.44
9.5 0.01% 643.88 0.40
10 0.00% 750.99 0.23
10.5 0.00% 869.36 0.10
11 0.00% 999.57 0.21
 
 
 
Table B.4 VisionAIR3 Energy Output (Higgins Labs Roof Installation) 
  Wind Velocity 
(m/s) 
Percentage of 
Time/Year 
Power (W) Energy (kWh) 
Min wind speed (m/s): 4 4 3.22% 48.06 13.56
air density (kg/m3): 1.23 4.5 1.96% 68.43 11.75
Swept Area (m/s): 5.76 5 1.26% 93.87 10.34
Turbine Efficiency: 0.21 5.5 0.73% 124.95 7.97
Cost per kWh: $0.182 6 0.42% 162.21 5.94
  6.5 0.24% 206.24 4.28
Annual Output (kWh): 60.45 7 0.12% 257.59 2.81
Annual Savings: $11.00 7.5 0.08% 316.82 2.10
  8 0.03% 384.51 0.88
  8.5 0.02% 461.20 0.62
  9 0.00% 547.47 0.11
  9.5 0.00% 643.88 0.05
  10 0.00% 750.99 0.00
  10.5 0.00% 869.36 0.04
  11 0.00% 999.57 0.00
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APPENDIX C – COMMUNITY ATTITUDES 
Contains: 
1) IRB Exemption Application 
2) IRB Exemption Approval Letter 
3) Full Qualtrics© Initial Report 
4) Extended Qualtrics© Graphs 
 
  
 WORCESTER POLYTECHNIC INSTITUTE 
Institutional Review Board  
Application for Exemption from IRB Review for 
Survey or Interview Research Involving Minimal or No Risk  
WPI IRB use only 
IRB # 
Date: 
 
 
 
Page 1 
This application is specifically intended for projects in which students are expected to conduct interviews, 
surveys or focus groups.  Use of this application is recommended for most student project research involving 
minimal risk.  Proposed research meets the definition of “minimal risk” when the risks to research subjects are 
not greater than those ordinarily encountered in daily life. 
 
Project Faculty Advisor(s): 
Name:     
 
      Tel No:       
E-Mail 
Address:       
 
Department:       
 
Name:           Tel No:       
E-Mail 
Address:       
 
Department:       
 
Project Faculty Instructor: 
Name:     
 
      Tel No:       
E-Mail 
Address:       
 
Department:       
 
 
Student Investigator(s):   ALL student investigators must be listed. 
Name:         Tel No:       
E-Mail 
Address:       
Name:         Tel No:       
E-Mail 
Address:       
Name:         Tel No:       
E-Mail 
Address:       
Name:         Tel No:       
E-Mail 
Address:       
Name:         Tel No:       
E-Mail 
Address:       
      
 
Project Title:  	 	 	 	 	  
Project Location and Time Frame: 	 	 	 	 	  
 
 
WPI IRB Application for Exemption from IRB Review for 
Survey or Interview Research Involving Minimal or No Risk 
Page 2 
 
Expected Research Subjects: (e.g. museum visitors under the age of 12)  
	 	 	 	 	  
 
Project Mission Statement and Objectives 
	 	 	 	 	  
 
 
 
Brief Methods Listing: (e.g. “Survey of public to ascertain knowledge and opinions about climate change” or 
“Interviews of professionals working on climate change regarding effective city climate change program”) 
	 	 	 	 	  
 
 
 
 
Appendix 1: Attach the draft methodology chapter or statement of research methods. 
 
Appendix 2: Attach a draft of surveys and/or a list of questions to be used for interviews or focus groups.  If 
sample questions are included in Appendix 1, Methodology Chapter, indicate page numbers here.  
 
1. Is the proposed research sponsored or supported by a US federal agency or by US 
government funding?  If so, identify sources.   
	 	 	 	 	  
 
2. Is the proposed research funded by a corporation or foundation?  If so, identify sources.  
	 	 	 	 	  
 No       Yes    
 
 No       Yes    
 
 
3. Does the proposed research involve vulnerable research subjects? (e.g. children, 
prisoners, students, persons with mental or physical disabilities, pregnant women) 
 No       Yes     
 
4. Does the research involve human subjects in ways other than as participants in 
interviews, focus groups, or surveys? (e.g. observation of public behavior, use of 
archived data or experimental procedures)  If yes, explain. 
 	 	 	 	 	  
 No        Yes     
 
 
5. Will the researchers collect information that can be used to identify the subjects?  No        Yes     
 
6. Could the disclosure of a human subject’s identity and responses place the subject at risk 
of criminal or civil liability or be damaging to the subjects' financial standing, 
employability or reputation? 
 No        Yes     
 
7. Will the researchers disclose the identity or the individual responses of any human 
subjects? (e.g. by quoting an individual, whether or not identified by name or title) 
 No        Yes     
 
 
 
 
WPI IRB Application for Exemption from IRB Review for 
Survey or Interview Research Involving Minimal or No Risk 
Page 3 
 
IF you answered yes to question 6 or 7, answer these questions: 
A. What is the potential risk to human subjects?  
	 	 	 	 	  
 
 
B. How will you eliminate or reduce said risk to an acceptable level? 
	 	 	 	 	  
 
 
 
 
 
Please Print Form Before Signing Below 
 
By signing below, all participants in this research project are agreeing to abide by the following 
instructions: 
 
1. You agree to inform subjects orally or in writing that: 
 Participation in the research is voluntary. 
 Participants may end their participation at any time. 
 Participants need not answer every question in an interview or survey. 
 
2. If your research is anonymous, you also inform subjects that you are not collecting names or any 
identifying information from them. 
 
3. If your research is confidential, you inform subjects that no identifying information will be 
disclosed with individual responses. 
 
4. If your research is NOT completely anonymous and confidential, you must obtain each subject’s 
permission to publicly disclose his or her identity and/or responses.  All requests for anonymity 
and confidentiality must be honored.  The subject must be offered the opportunity to pre-approve 
the publication of any quoted material 
 
Signature of Faculty Advisor  Date       
Print Full Name and Title       
 
Please return a signed hard or electronic copy of this application to the WPI IRB c/o Ruth McKeogh,  
2nd floor Project Center or irb@wpi.edu. 
If you have any questions, please call (508) 831-6699. 
      
Worcester Polytechnic Institute IRB# 1 
HHS IRB # 00007374 
 
 
19 November 2014                                                                                                                                  
File:14-228 
 
 
Re: IRB Application for Exemption #14-228 “Campus Wind Energy 
Feasibility” 
 
 
Dear Prof. Mathisen, 
 
The WPI Institutional Review Committee (IRB) has reviewed the materials 
submitted in regards to the above mentioned study and has determined that 
this research is exempt from further IRB review and supervision under 45 
CFR 46.101(b): (2) Research involving the use of educational tests 
(cognitive, diagnostic, aptitude, achievement), survey procedures, interview 
procedures or observation of public behavior, unless: (i) information obtained 
is recorded in such a manner that human subjects can be identified, directly 
or through identifiers linked to the subjects; and (ii) any disclosure of the 
human subjects' responses outside the research could reasonably place the 
subjects at risk of criminal or civil liability or be damaging to the subjects' 
financial standing, employability, or reputation. 
 
This exemption covers any research and data collected under your 
protocol from 19 November 2014 until 18 November 2015, unless 
terminated sooner (in writing) by yourself or the WPI IRB. Amendments or 
changes to the research that might alter this specific exemption must be 
submitted to the WPI IRB for review and may require a full IRB application in 
order for the research to continue. 
 
Please contact the undersigned if you have any questions about the terms of 
this exemption.   
 
Thank you for your cooperation with the WPI IRB. 
 
Sincerely, 
 
Kent Rissmiller 
WPI IRB Chair 
 
1. How important do you believe renewable power generation is?
 
Initial Report
Last Modified: 12/15/2014
1 Very Unimportant 51 14%
2 Unimportant 4 1%
3 Neutral 12 3%
4 Important 60 17%
5 Very Important 229 63%
7 Other/More Specific - Please comment 5 1%
Total 361
On a scale of 3 sided paper to baby pet elephants, I would say it is about 4 bionic arms on an exoskeleton
Needs to be weighed against other needs.
Life or death, get it?
Kochirawa tsumano gohanto sakana desu.
Very Important but use with Nuclear
Min Value 1
Max Value 7
Mean 4.20
Variance 2.08
Standard Deviation 1.44
Total Responses 361
# Answer Bar Response %
Other/More Specific - Please comment
Statistic Value
2. Do you believe WPI should implement forms of renewable power generation
on campus?
1 Yes 318 89%
2 No 11 3%
3 Other/More Specific - Please comment 28 8%
Total 357
I think that renewable power is good however I don't want doctor octavious running around
It depends. Cost-benefit analysis. Timing
Only if cost effective; technology continuously gets better, so installing now might not make sense--need cost-benefit analysis and a good idea of what the tech will be in 5 yrs
If it is cost effective and benefits the school.
If cost effective then yes.
Only if it is a good long term investment
No, not yet cost effective
Only if appropriate, as shown by detailed cost/benefit analyses
Most of what could be done on campus would be in token amounts. Good for visibility but not much help to the environment.
I have to know more about the cost benefit relations both for short and long terms
Maybe, if cost-benefit approaches existing sources; or if can also serve an educational purpose.
Only if the cost is recoverable
If appropriate
It would depend on the cost/benefit analysis
what kinds?
no opinion
Are we part of the problem or part....
Indifferent
Yes, if it makes sense economicly
Is it cost effective? If so, yes. Otherwise, no.
if we're currently using the nuclear generator we shouldn't need to but what the heck do whatever
If cost efficient and practical
Not if it raises cost of school
Watashiwa toretto dominic desu.
more research is needed to determine this
depends on the renewable energy source and if they truly are cost effective for the college and tax payers of the united states and students
solar orwindmill for campus and parking lights
Min Value 1
Max Value 3
Mean 1.19
Variance 0.31
Standard Deviation 0.56
Total Responses 357
# Answer Bar Response %
Other/More Specific - Please comment
Statistic Value
3. Please rate the following renewable power generation methods according to
your opinion on their practicality.
1 Solar Photovoltaic Cells 15 12 35 148 148 358 4.12
2 Hydroelectric Systems 29 59 93 106 68 355 3.35
3 Wind Turbines 16 33 55 145 107 356 3.83
4 Biofuels 21 39 118 111 65 354 3.45
Min Value 1 1 1 1
Max Value 5 5 5 5
Mean 4.12 3.35 3.83 3.45
Variance 1.01 1.44 1.20 1.19
Standard Deviation 1.01 1.20 1.10 1.09
Total Responses 358 355 356 354
# Question Very Impractical Impractical Neutral Practical Very Practical Total Responses Mean
Statistic Solar Photovoltaic Cells Hydroelectric Systems Wind Turbines Biofuels
4. Please rate the visual appearance of the following renewable power
generation methods.
1 Solar Photovoltaic Cells 20 153 182 355 2.46
2 Hydroelectric Systems 46 224 83 353 2.10
3 Wind Turbines 69 125 162 356 2.26
4 Biofuels 27 264 59 350 2.09
Min Value 1 1 1 1
Max Value 3 3 3 3
Mean 2.46 2.10 2.26 2.09
Variance 0.36 0.36 0.58 0.24
Standard Deviation 0.60 0.60 0.76 0.49
Total Responses 355 353 356 350
# Question Visually Intrusive Neutral Visually Pleasing Total Responses Mean
Statistic Solar Photovoltaic Cells Hydroelectric Systems Wind Turbines Biofuels
5. Have you had an experience with renewable power? If so, was the
experience beneficial or detrimental? Please explain.
1 No Experience 201 57%
2 Negative - Please comment 16 5%
3 Neutral - Please comment 18 5%
4 Positive - Please comment 111 31%
5 Other/More specific - Please comment 9 3%
Total 355
A windmill fell on my house and
killed my moncat.
MQP is on renewable
power, Wind Turbine
is already a thing on
top of AK, but
impractical so they
shut it down. I like the
idea but anything
other than maybe
solar panels strike me
as ineffective
compared to the cost
and visual appeal.
didn't cause considerable air pollution I heard renewable power was a pretty cool guy. Gives us energy, veryrenewable, doesn't afraid of anything.
I did my GPS project on
renewable energy. Awful
experience, and I had some
terrible group members.
System operations at
a transmission control
center. Solar is
expensive, wind is
unreliable, and hydro
is fairly predictable.
My parents currently run small utitlities off of
a solar power array in the back yard.
The most attractive in application and visual appearance are certainly
fuel cells, concentrated solar power (not photovoltaic), hygrodynamic-
electricity (not hydro, but hygro), phytoremediation platforms coupled
with bio conversion technology (environmental waste to energy
platforms), and super/ ultra capacitors energy storage systems. WPI
should be out of the box on this one and encompass further alternative
methods than what is currently seen as sustainable and generally
public. None of the above mentioned energy resources will brand WPI
as innovative, not just following trends. Of all the technology listed
above, I see nothing that really wow me as being creative exploration
or ingenuitive. Why doesn't WPI sponsor some of their Technology
Transfer Energy Designs into their platform models? James McGlynn,
TIMBA Cohort Student
Sometimes the lights hooked up
to solar cells on quad dont light
up when they havent stored
enough power.
cost to benefit radio is
usually more for
renewables. I work in
the nuclear power
field.
The positive of allowing for sustainable,
unpollutive energy far outweighs any
negatives of look, sound, or other
aesthetics.
No personal experience. Heard radio reports on aging infrastructure in
a Europeon country (they got in too early) and on house solar panels
(again, they purchased equipment too soon--newer technology is
smaller and generates more electricity (more powerful, more efficient),
but they've sunk capital into the old stuff)
Biofuels in gasoline big mistake
I installed solar
panels but they have
not worked. The
financial savings are
small (we did not buy
in for financial
reasons), the electric
infrastructure has to
conform with code
which is an impasse
for us
Through my IQP I recommended that a
school in Puerto Rico use solar panels to
generate electricity, and I use a solar
charger for my cell phone
The cost of the subsidy programs needs to be balanced with the
effects of the rate impacts on our economy in the short term.
Renewable power is not
competitive with fossil fuel
power, especially when you take
into account all the
manufacturing
If placed in the wrong
location, many of
these systems can
have negative
impacts on the
environment and
wildlife.
I wish I had full scale ones on my house,
but
 The way they tease me. Also they
are useful for charging my phone and small
devices and everyone who I talk to who put
them on their house have only had good
things to say.
What are you looking for with this Survey? There should already be
data for this online that doesn't only survey college students at an
engineering school. This data will be useless for your project. Trust
me, Professors gave us lots of  for pretending data from these kinds
of surveys was valuable.
Town of Portsmouth, RI installed
wind turbine at high school.
Spent $3-5m on equipment and
installation. Turbine was
defective, causing company with
service contract to go bankrupt.
Now the turbine just sits there
and does nothing while the town
tries to figure out how to make it
work again.
an area I do research
in. Renewable energy is good.
tough to rate - it's project-specific. I've seen excellent and poor solar
and wind projects.
Visually intrusive my mqp I love seeing rows and rows of windturbines only what I read, see
Wind power failed to deliver as
promised and more expensive
than expected in Princeton MA.
Municipal light department offers
no incentives to install solar PV.
BTW, your survey needs work
since I couldn't enter comment
under other.
Positive. Have
worked with
photovoltaic cells
before. Problem is too
many might be
needed to obtain the
required power to be
considered efficient
Many cars on campus are electric and use
the charging stations. wish I had it, but don't
# Answer Bar Response %
Negative - Please comment Neutral - Pleasecomment Positive - Please comment Other/More specific - Please comment
molested by wind turbines as
child
wind turbines in the
wilderness are an
awesome sight
My parents have 32 solar panels mounted
on our roof that generate energy for our
home.
Hai, amerika taishikan made. Doozo
my father was killed in a
hydroelectric power accident
when I was just a boy
I live within 2000 ft of
two very large wind
turbines. I don't really
have many issues
with them, except for
the noise they create.
My parents have PV panels and hot water
solar panels. Why are you asking about the
visual appeal of power? I don't know what
biofuels look like.
The moving shadow of wind
turbine blades can be a
legitimate annoyance as can the
whoosh noise for people
nearby.
Technology is
minimally effective
Solar water heaters were quite useful in
reducing the electricity or gas need of the
water heaters. Also it was beneficial in
terms of money in the long run.
Just gotta make sure it's reliable
guys
Functional solar
system, not overly
useful for how much
effort the process took
good when designed properly for the
intention, also good for learning experience
PV panels are not cost effefctive.
(IQP on sustainable building)
My high school has
some solar panels on
the roof of the new
building, but they
don't provide much
energy to the
building. It's a nice
endeavor, but there
wasn't enough money
to purchase better
solar panels.
My last employee put solar on the roof and
reduced electric consumption by 15%
I dont have anything renewable,
therefore I hate it. also, watch
this video, its halarious!
https://www.youtube.com/watch?
v=wRRsXxE1KVY
My elementary school
had a wind generator
installed.
my internship installed solar panels outside
the building. they saved a bunch of money.
Chernobyl, Three Mile Island,
The Third Infidata, my Tesla
exploded
There are solar
panels on my garage.
They produce a good
amount of energy
when the sun is
shining, but the winter
months are not good
for power generation.
Solar
Microwind turbines
and solar PV cells
present enough
promise in filling up
little space, but I
cannot comment on
their efficiency and
success in terms of
energy output.
solar we make them! nanoenergy lab
projects have shown renewable power has
potential to reduce need for fossil fuels
179kW PV system on my roof
It's great
I ran R&D for Solar PV cells and materials.
Cost is coming down to "grid parity" soon
My dad works in hydro
Outdoor lighting - convenient and glad not
to use electricity
Fuel Cell Engineer
Have done work on solar cells, and fuel
cells. Great to work on
I am from Florida. We recently installed
solar panels on our roof. Our electricity bill
has gone down significantly.
consult with NPOs and local governments,
have my own solar, and involved wiht solar
IQPs
I severed on the Board of my municipal
electric utility and spearheaded the utility's
renewable energy strategy.
Solar panels on home
Installed solar panels on my roof. LOVE
them.
I have solar panels at my house and they
work great
Born in Oregon, Lots of hydro-electricity--
very low-cost!
wood stove at home; solar water heater on
roof while in Nepal
Found A wind farm way up in Maine and
was very excited to see the turbines
producing power as opposed to some coal
plant.
driving in Quebec and seeing the
windmills, they were very prerty
I have built solar ovens before for camp
outs. It was very useful.
installed PV system on our roof & love it!
I teach and research solar cells, and I love
them!
solar power water heater
solar panels, wind turbines and biofuels; all
beneficial
beneficial
Installed solar panles on our house
I have used solar cells for many projects
and they are quite effective
Worked with photovoltaic technology for
ece design course
Power Outages where I am from are
common, and with renewable power we
were able to store energy for when these
outages occured
i like the idea of having solar panels on the
roof of my house; many people around my
aunts house have told me the benefits
We used solar PV cells to charge batteries
in my ECE 2799 class and it was very fun!
Working now with CERES in Australia.
Looks great!
assisting my town with placing a solar farm
on a closed landfill
Have worked with renewable energy
sources both as a researcher as well as a
consumer
solar photovoltaic cells on my house
beneficial (hydroelectric facility powers
great portion of my hometown)
Power the World project,
Neighbors have solar panels on roof. They
power 50% of their house from this.
My local library uses solar and geothermal
power and they did a nice display of it and
put a sunflower picture around their solar
panels. WPI could make almost any
renewable energy source look really cool-
we're a tech school after all!
Windmills in Aruba
set up a wind turbine in high school to
power lights
There were several of us there to bullly
whos opinions were changed
Coming from Seattle, WA renewable power
is a part of the culture and many houses
have installed solar systems that proved
very beneficial especailly economically as
they were able to have power go back into
the grid allowing for them to generate
money rather than pay their power bills
Wind Turbines
own a solar system
PV panels on my home, very beneficial
I've written reasearch papers and my
electric company uses some renewable
sources.
Hull, MA added a windmill that has
drastically reduced power costs.
Family installed solar panels o the roof of
our house
in from a very environmentally focused
country and have focused my studies in
that area, in other news foster takes it deep
Energy cost in my hometown due to the
installation of a solar farm
Used it at past schol
IQP
Research based experience
Wind power in Denmark is very, very
succesful
Solar panels on my house reduce
electricity cost.
There are solar panels installed on the roof
of my house. They look fine, and provide a
constant stream of electriciy to the house.
own solar panels on house
Took renewable energy grad class
Seeing solar and wind power
wind turbines were built in my home town
and I rather enjoy watching them turn and
seeing how they respond to the wind of the
day
I got to see a wind turbine up close and I
thought that was pretty cool
I live near a nuclear power plant, I also live
near a hydropower plant and my
grandmother has a wind turbine at her
house.
Did IQP in SF (NM) on renewable energy
for a college. Found return on investment
for photovoltaics to be approx 15 years in
that particular case. (if interested:
http://www.wpi.edu/Pubs/E-
project/Available/E-project-050914-
211427/unrestricted/IAIA_Final_Report.pdf)
ME 5105
My family installed solar panels on our
house, they saved us alot of money and are
relatively visually appealing.
My IQP team is currently working to
implement a biogas system with an urban
farm, and so far, results look promising.
robot power
multiple experiences with thotovoltaic and
solar heat, as well as a small amount of
hydro and wind.
My family has solar panels on our house
and it significantly cuts down on bills.
Used solar cells for heating
i personally think that renewable energies
are cleaner and better for the world, but
they need to become more cost effective,
still i think we will run out of fossil fuels so
we need to find other sources
My high school installed a wind turbine by
the track and it was amazing to watch being
built and in physics we learned about how
it creates energy and supplies it to the
school.
Can get paid by energy provider using
solar panels
Grad classes :)
Visited a wind turbine farm and have done
multiple projects with alternative energy.
Overall I believe it is extremely beneficial to
our society
Seeing as hydroelectric power is the main
energy staple of my home state, I would say
that I have had a very beneficial
experience.
I've worked with renewable energy for
years and I think it's a great idea
Owned a Prius, studied biofuels, have seen
the effects of solar power on houses
Min Value 1
Max Value 5
Mean 2.19
Variance 2.07
Standard Deviation 1.44
Total Responses 355
Statistic Value
6. What is your class year or role at WPI?
1 Freshman 47 13%
2 Sophomore 65 18%
3 Junior 64 18%
4 Senior 69 19%
5 Graduate Student 56 16%
6 Faculty / Staff 52 15%
7 Other/Prefer not to answer 1 0%
Total 354
Min Value 1
Max Value 7
Mean 3.51
Variance 2.65
Standard Deviation 1.63
Total Responses 354
# Answer Bar Response %
Statistic Value
7. In which field are you working/studying?
ME
ME
Mechanical Engineering
Robotics + Mechanical
Chemical Engineering
RBĘ
Mechanical Engineering
Mechanical Engineering
Biomedical Engineering
ME
Computer Science
I am currently working in the tomato fields but wish to be transferred to the cranberry bogs.
Mechanical Engineering
Mechanical Engineering
Mechanical Engineering
Biology/Biotechnology
Computer Science
Actuarial Math and Computer Science
Chemical Engineering
Management Information Systems
ECE
Electrical and Computer Engineering
CS
ece
ME
Computer Science
IE
Aerospace Engineering
ECE
Structural Engineering
FPE
Mechanical engineering
Computer Science
Chemical Engineering
Aerospace Engineering
Manufacturing Engineering - but I mainly study Operations Research and its applications to Healthcare
MBA
MBA
Mechanical
MSIT
Mechanical engineering
finance
Mechanical Engineering
Civil
ECE
cs
Telecommunications/ MBA
mechanical engineering
electrical engineering
Systems Engineering
Power Systems Engineering
civil engineering
Text Response
Mba
solar /batteries
MBA
Business
fire protection engineer in nuclear power plant
Robotics Engineering
civil/environmental engineering
Renewable Energy
Mechanical
Grid Operator
Medical Products/business
MBA
Biomedical Engineering
Chemical engineering
Mechanical Engineering
ECE
Materials science
Materials Science and Engineering
chemistry
MBA
MBA
Biomedical Engineering
Energy Engineering
biotech
CS
robotos
MBA online
Business
power, defense contractor
Business
MBA
MTE
Electrical Engineering - Power Systems
ECE
Electrical and Computer Engineering
ECE
Engineering
Computer Science
ece and systems engineering, also advise in environmental engin (CEE)
Environmental Studies
ECE/BME
ECE
Environmental Engineering
Computer Science / ECE
Aerospace Engineering
ECE
ECE
Chemical engineering
This table has more than 100 rows. Click here to view all responses
Total Responses 332
Statistic Value
8. What organizations are you involved in?
IFC, Sigma Pi, AIAA
Sigma Pi, IFC, AIAA
Club Soccer, Sigma Pi, Career Development Center
Sigma Pi
Students for a Just and Stable Future
Sigma Pi, Badminton Club
Lots
IFC, Sigma Pi, SGA, Outing Club
Club Tennis, IFC, Sigma Pi
SGA, IFC, Sigma Pi, Ultimate Frisbee, Enthusiasts of good Music Club, Player of Board Games, Scribe of Essays, Typer of Code
Rugby, Outing Club, Sigma Pi
Sigma Pi, IFC, Radio
Sigma Pi, Running Club, Green Team
Sigma Pi, Outdoors Club
Japanese Culture Club, Sigma Pi Fraternity, and Rockets Dance Team
Sigma Pi, IFC, Green Team, AIChE
Sigma Pi, International Student Council
IEEE
Sigma Pi, Frisbee
Sigma Pi
Sigma Pi, ME 1800 PLA's
Sigma Pi, SGA, Butt Club
Sigma Pi, society of automotive engineers
Sigma Pi, Running Club, Engineers Without Borders, AIAA
Sustainability Task Force
EWB, Rotaract, NCSEA
None
Theta Chi Fraternity
why is this relevant?
WPI
American Institute of Aeronautics and Astronautics, CollabLab
Graduate Student Government, WPI IIE, SIAM, APICS, Badminton Club, Vietnamese Student Association
GSG
VSECU
APO, a couple others
outing club
INCOSE
I belong to a Regional Entity Compliance Enforcement Authority
wpi
ieee, nfpa, sfpe, nygn
CollabLab, ASME, Manufacturing (Washburn Shops)
IEEE; IEC; RTOO/ISO Council
Clean Cities Coalition
AMC
outing club
MRS, AACG, IEEE, ASME, AIAA, Sigma Xi
none
None
Christian Bible Fellowship
What the  does this matter?
IEEE
Text Response
ASME
NAWMBA; PAWS; also a Staff member on Campus
Materials Advantage
Lens and Lights, WPIWA
Pep band, gender equality club
Alpha Tau Omega, Varsity baseball
none
??? question unclear -- what type?
IEEE, INCOSE, Scouts (solar for their summer camps)
WPI
Phi Sigma Sigma, Students for a Just and Stable Future, Christian Bible Fellowship
RHC, Class Board 2016
ACM , Symphonic Association
AIAA, ASME
IEEE
Greek life, iEEE club, sports
American Public Power Association
WPI
Water Polo, Under Water Hockey
AIChE
SAE, Satellite Development Club
WECE, alden voices
Many
WPI Sailing, CollabLab, FIRST Team, Tau Beta Pi, Senior Honor Society, RoboKids, etc
 - ChE
IEEE
EWB; Growth Through Learning
Chi Omega, SWE,
Ballroom, GDC, Trainers League
Outing Club. Engineering Ambassadors. Fraternity. HKN. TBP.
wpi
AIChE, SGA, Greek Life
Greek Life
nope
WPI faculty
Kilroy, Green Team, a little involved with Masque and LnL
Pres sustainability committee & lots of other things
Alden voices, kendo, theater
faculty
sps, active minds, dlic, collablab
IEEE
many
LNGO
SJSF and an RA
Humanities Dept.
ASHRAE, IEEE
not the Green Team, if that's what you're getting at.
SocComm, Running Club, Habitat
This table has more than 100 rows. Click here to view all responses
Total Responses 237
Statistic Value
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APPENDIX D – TURBINE PRODUCT MANUALS AND SPEC SHEETS 
Contains: 
1) SilentWind™ Windgenerator© Instructions for Use / Installation Manual 
2) SilentWind™ Windgenerator© Specification Sheet 
3) Urban Green Energy™ VisionAir3© Owner’s Manual 
4) Urban Green Energy™ VisionAir3© Specification Sheet 
  
 
 
 
 
 
 
 
 
 
Instructions for use / installation manual 
 
SILENTWIND 
12V / 24V / 48V 
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Dear customer  
 
Thank you for buying our product. You have selected a new generation of 
windgenerators.  
Compared to traditional windgenerators, the essential advantages of our product are: 
 
 
• safety, 
• efficiency 
• very low noise emission. 
 
 
You will also profit from our experience of more than 30 years with various 
windgenerators used in offshore sailing. For long distance cruising the availability of 
electric energy without the possibility of grid connection is essential. 
 
 
Fair winds at any time 
 
 
 
 
The Silentwind Team 
 
 
 
 
 
 
 
 
 
Please note that this manual is part of the product and must be read carefully. Please 
study the information thoroughly before installing the SILENTWIND. This manual 
should always be kept near the product and passed on to future owners. 
 
This manual is addressed to the person installing the SILENTWIND. This person 
should be familiar with electric wiring and the use of appropiate tools. Otherwise the 
SILENTWIND should be installed by a specialist. 
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1. Operation and use 
 
It´s certainly an advantage being able to use the renewable energy of both wind and 
sun combined. One can charge his batteries making use of daylight and wind for 24 
hours. Our hybrid charge controller is suitable for both sources, windpower and max. 
550Wp (40A) solarpower  Hybrid-charge controller.  
You can also charge the batteries of an electric vehicle with this unit. 
 
Further applications are: 
Any application without grid connection, research units, traffic management systems, 
emergency systems, street lamps, billboard illumination, projects in developing 
countries, wireless LAN access points, holiday homes with inverters for independent 
provision of electricity, wherever there is no grid connection available or too 
complicated to install. 
The SILENTWIND is ultralight and aerodynamic, so that it is possible to connect 
several windgenerators if your energy demand is high. As noise emission is very low 
you can operate the SILENTWIND in neighbourhoods and on sailing yachts without 
annoying your neighbours. 
Our charge controller HYBRID 1000 is suitable for 12 and 24 volt usage and can be 
connected to the SILENTWIND and solar panel. 
Another advantage of the SILENTWIND is that it does not have any inbuilt 
electronics which means that there is hardly any maintenance work on the mounted 
windgenerator. The electric power is led down to the charge controller by 3 cables. 
The hand laminated carbon fiber blades were successfully tested in a wind tunnel up 
to wind speeds of 35m/s (63 knots) according to DIN EN 61400-2. Therefore you 
need not worry about the SILENTWIND in any storm conditions. For maintenance 
work there is an additional manual stop switch. 
 
 
2. Safety instructions 
 
Due to the high RPM and electric energy that windgenerators generate, use should 
be made with caution. Therefore carefully read the following safety instructions. 
 
2.1. Mechanical risks 
 
For various reasons the turning rotor system must be handled with caution. You 
cannot see the end of the blades in high wind speeds so you do not recognise the 
inherent danger. Due to their aerodynamic shape the blades have very sharp edges 
that may hurt you in high wind conditions.  
 
Never ever try to touch the turning rotor system! 
Never ever try to stop the turning rotor system manually! 
 
Make sure that you install the windgenerator in a position where nobody can touch 
the blades. Especially on boats ensure a sufficient height above deck. 
The blades are produced from carbon fibre, which is extremely solid even in high 
wind speeds. Therefore keep away from the turning blades in any case. However,  
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they can break due to ropes or other objects touching the blades in very strong 
winds. 
 
If one of the blades is damaged, activate the brake function manually with the stop 
switch of the charge controller. If one of the blades is damaged, the rotor system will 
be out of balance which may be a risk for the whole mounting construction. This has 
to be considered before mounting the windgenerator in a safe position. 
Before you install the windgenerator on a mast construction make sure that the 3-
phase wiring is disconnected from the charge controller or secure one blade so that 
the system cannot turn. You can also connect the 3 AC wires to block the system 
during mounting. Another possibility to install the system is to attach the hub with the 
blades to the shaft at the very end of the mounting procedure. The mast must be well 
fixed so that it is safe in strong wind and adverse sea conditions. Furthermore the 
mast-fixation and the mast-stays should be assembled in a way that applied 
vibrations will be not enhanced. Please ask a professional who is able to assess the 
load that the mounting system can handle in strong wind conditions. 
 
2.2.  Electrical risks 
 
An idle running windgenerator can generate a considerable AC voltage per phase. 
Only connect all components if you are familiar with electric wiring. The high voltage 
can cause serious injuries and fire if you do not pay attention to safety. Caution 
recommended for cardiac pacemakers users, etc. Never touch the open end of the 
wires. The current when charging the batteries can reach more than 30A DC. The 
whole wiring electric components and connection points must be able to carry a 
current of 40 A. Find information about suitable cable dimensions on page 9. 
 
Warning: Wires with insufficient diameters can cause fire. 
 
Make sure the wires are placed so that mechanical damages cannot occur. A 
damaged cable is a severe safety risk. Install a fuse to the batteries positive pole as 
close as possible to the battery. The required value of the fuse depends on the rated 
current of the devices connected to the charge controller. Please contact a 
professional for this purpose. We recommend a fuse with the double nominal current 
of the connected devices. 
 
Warning:  When connecting the batteries, sparks can arise.  
 A short circuit is to be avoided.  
 Always ensure sufficient ventilation! 
 
The electrical installation should be carried out by persons with appropriate technical 
skills and knowledge. Before a storm the SILENTWIND should be manually stopped 
with the stop switch on the charge controller. In case of storms we recommend fixing 
one rotorblade to the mast due to the risk of damage by flying objects. 
 
2.3. Installation risks 
 
Only use or build mounting/support systems that can handle the load of the generator 
and the blast pressure of the wind in any condition. 
Working on the mounting system should only be carried out on a calm day. Make 
sure that nobody is close to the mast. 
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Disconnect the battery from the charge controller when working in the system. 
The turning of the blades must be avoided by fixing one blade to the mast. If 
not the charge controller will be destroyed. 
 
3. Technical data 
 
3.1. Windgenerator 
3.1.1. Electrical data 
 
Type of generator Permanent magnet generator,  3 phases, AC 
Rated voltage 12 VDC / 24VDC 
Rated power 420 Watt / 450 Watt 
Rated peak power at 14,5 m/s 
Start up speed 2,2 m/s 
Start of charging 2,5 m/s 
Charge indicator Blue LED on the buttom of housing 
 
3.1.2. Mechanical data 
 
Safety test in wind tunnel 122 km/h without failure 
Rotordiameter 1,15m 
Number of blades 3 
Weight of blades 150g/blade 
Material of blades   Carbon fibre, hand laminated 
RPM range 550 - 1700 Upm 
weight 6,8kg (Generator) 
Package dimensions 780x400x210mm weight: 10 kg 
Colour white  RAL 9010, powder coated 
Warranty 36 months 
 
3.2. Charge controller 
 
• Charge and power management in the provided external hybrid-charge 
controller Hybrid 1000 
• Maximum voltage adjustable for acid-, gel- and AGM-batteries.  
• Brake mode: electronically or manually with integrated Stop-switch 
(see enclosed manual) 
 
3.2.1. Electrical data 
 
System voltage 12/24 VDC 
Max. power input windgenerator 600 W 
Max. current input windgenerator 40 A 
Max. power input  solar 550Wp 
Max. current input  solar 40A 
Max. open circuit voltage  input solar 50VDC 
LCD + LED displays W, V, A, kWh, Ah, load data 
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3.2.2 Mechanical data 
 
Weight 1,50kg (controller) 
Package dimensions 270x130x80mm 
Warranty 24 months 
 
 
 
 
3.3 Dimensions 
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3.4. Power diagram 
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4. List of enclosed parts 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
48V version – Delivery without Charge Controller 
 
 
All provided information is reliable. RULIS Electrica, Lda. will not be liable for 
damages resulting from a wrong installation and/or operation of the wind generator. 
All specifications are subject to change without notice. 
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5. Operation description 
 
All windgenerators use the kinetic energy of the wind. This energy is captured by the 
turning motion of the blades and consequently transformed into 3-phase AC power. 
The energy output increases in line with the wind speed, exponentionally. This 
means that doubling the wind speed generates octuple power. This must be 
especially considered in storm conditions. 
 
Our spbΩ blades are made of high-tensil carbon fibre and are hand laminated with 
epoxy resin. This material provides the maximum consistency with the lowest weight. 
This material is also used in Formula 1 and airspace industry. Therefore these CF-
blades are extremely light, but can resist even the strongest wind conditions. They 
have been successfully tested at German WindGuard – according to DIN EN61400-2 
(VDE 0 127-2) at windspeed of 122 km/h at 5480 RPM. This is an equivalent of sonic 
velocity at the tips of the blades. For every-day use and safety reasons we have 
equipped the charge controller with an electronical and manual stop switch. 
 
6. Diameters of cables 
 
System voltage 12 Volt 
Distance from wind generator 
to the charge controller in m 
0 - 9 10 – 19 20 – 29 30 – 44 45 – 69 70 – 110 
Cable cross section mm2 
 AWG 
6 
10 
10 
8 
16 
6 
25 
4 
35 
2 
50 
1 
Distance from the charge 
contr. to the battery in m 
0 - 9 10 – 19 20 – 29 30 – 44 45 – 69 70 – 110 
Cable cross section  mm2 
 AWG 
16 
6 
25 
4 
35 
2 
-- 
-- 
--- 
--- 
--- 
--- 
 
System voltage 24 Volt 
Distance from wind generator 
to the charge controller in m 
0 - 9 10 – 19 20 – 29 30 – 44 45 – 69 70 – 110 
Cable cross section mm2 
 AWG 
2.5 
14 
4 
12 
6 
10 
10 
8 
16 
6 
25 
4 
Distance from the charge 
contr. to the battery in m 
0 - 9 10 – 19 20 – 29 30 – 44 45 – 69 70 – 110 
Cable cross section mm2 
 AWG 
16 
6 
25 
4 
35 
2 
-- 
-- 
--- 
--- 
--- 
--- 
 
System voltage 48 Volt 
Distance from wind generator to the charge 
controller / inverter in m 
0 - 29 30 – 79 80 – 99 100 – 150 
Cable cross section mm2 
 AWG 
2.5 
14 
4 
12 
6 
10 
10 
8 
Distance from the charge contr. to the battery 
in m 
0 - 29 30 – 69 70 – 99 100 – 150 
Cable cross section mm2 
 AWG 
4 
12 
6 
10 
10 
8 
16 
6 
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7. Installation 
 
Before mounting the SILENTWIND onshore find a suitable position for the 
windgenerator. It is an ideal position if the wind flows against the blades without any 
obstructions. The generator should be mounted as high as possible. 
 
 
 
Fixed/land installation: 
The height depends on the distraction of the wind by surrounding objects. You can 
simply test this by fixing a 3 m long – 4cm wide plastic band at the top of a min. 4 
meter pole. You can use a 2nd band at 2 meter height. This does not apply when 
mounting the generator on boats. 
If the upper band flows horizontaly straight or up to 30 degrees only you have found 
the suitable position. In case the band shows more than 30 degrees or turns round 
the mast, the position is unsuitable. This test should be carried out at moderate wind 
conditions and only gives an orientation. 
 
We recommend doing various tests for a correct site assessment. You do not need to 
do this test if the windgenerator is mounted far away from obstructions. You can also 
get help from a specialist on small wind turbines. 
 
Installation on a sailing boat: 
The assembly height must be chosen in a way that no member of the crew is 
endangered by the rotor. The mechanical fixation of the mast foot has to withstand 
the mechanical loads occurring specially in rough sea conditions. We recommend 
additional rigging to the sea rail or the deck of the ship. 
 
 
Note: Please note that the SILENTWIND can never be fully efficient if it is 
not mounted in the prevailing wind direction or distracted by 
obstructions. Therefore it is important to find a position without 
obstructions! 
 
 
Having found the suitable position, an appropriate mast with suitable hardware must 
be chosen. The outer mast diameter must be 48mm and it should be made of 
stainless steel or aluminum. Please also consider possible maintenance work. The 
mast with mounted windgenerator should be able to take a wind blast pressure of 
250Nm. Grounding of the mast is highly recommendable. On boats you can use the 
central ground for mast and engine. Ask a specialist for advice. 
 
Once the mast is mounted you can start the relatively simple installation of the 
SILENTWIND. First connect the 3 CF blades to the assembly hub (see page 15, 
sketch 4) with the enclosed screws (page 16, sketch 9, assembly- and safety 
instructions inside the rotor-blade box). The enclosed nylon discs protect against 
electrolytic corrosion. The fastening torque is 7-8Nm equivalent to a weight of 7-8 kg 
on a 10cm long lever arm, upright to the lever arm.  
If the fastening torque is too high, this will destroy or damage the blades. If the 
fastening torque is not high enough, the blades can get lose. A wrong fastening 
torque is a considerable safety risk. 
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Before the final tightening of the blade screws, make sure that the distance between 
the blade tips is exactly the same, in order to avoid vibrations. Move each 
rotorblade in running direction towards the edge of the blade guide of the hub. 
The running direction is clockwise looking from the front. Then fix the blades as 
described above. 
The blades should not be out of balance then. The blades have been balanced 
statically and dynamically. In case of damage of only one blade you can buy a single 
one. When ordering one blade, be sure to inform RULIS Electrica, Lda. on the exact 
weight of the undamaged blades. 
 
An incorrect tightening torque represents a significant security risk. 
Regularly control the fixation of the blades! 
 
After attaching the blades to the hub, the set is fixed to the generator shaft with the 
enclosed screw nut (use the enclosed hexagon socket screw key). After that, snap 
the nose cone into place on the assembly hub. (see page 17, sketch 5,6 and 7) 
 
Then you must connect the three AC outlet cables which have to be led from the 
SILENTWIND to the charge controller. 
 
Attention During this procedure the 3 AC wires of the extention cable at the end 
must be connected together. Otherwise the rotor system may start 
running and you can get injured. 
 
Finally you mount the SILENTWIND on the mast. Fix the 4 hexagon screws to the 
yaw clamp after inserting the rubber pad (see page 18, sketch 8) 
When tightening the screws take care for a uniform, circumferential tightening of the 
4 screws. The tightening should be made with small increments in order to avoid 
damaging the marine grade painting. 
 
8. Getting started 
 
Before getting your SILENTWIND started check the correct mounting and installation 
according to the following check list: 
 
OK Test 
 Mast construction: 
Optional; 
check according to instruction, especially all screw connections, bracing, vertical 
position. Grounding and lightning protection according to local regulations? 
 Electric installation: 
Check battery status and correct polarity 
 Charge controller: 
Charge controller securely fastened to the mounting location?  
battery connected with correct polarity, otherwise controller will be destroyed 
Caution: Connect always first the battery to the charge controller. 
Are all screw terminals firmly tightened?  
Is stop switch in position “O”? 
 Fuse: 
Fuse connected as close as possible to the battery? 
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OK Test 
 
 
 
 
 
 
STOP switch: 
If a stop switch from a previous installation is installed in the connection cable at 
the AC- or DC-side ot the charge controller, it must always be removed or 
secured against switching off. The activation of the stop switch while the 
windgenerator is running will immediately destroy the windgenerator or the 
charge controller. 
 Wiring: 
All cables connected in line with plan? Check the polarity of all wires in the 
screw connection poles. Is the 3-phase cable of the SILENTWIND connected to 
the charge controller? Are the cables correctly crimped and is the strain relief 
inserted? 
 Yaw shaft: 
Is the rubber pad well placed? 
 Rotor blades: 
Mounted in line with instructions? 
 Assembly hub: 
Is the assembly hub fixed to the generator shaft? Is the central screw nut 
fastened with 30 Nm? 
 
Connect to a 3-phase rectifier (optional) or the included charge controller. Please 
read the charge controller manual for details on its installation. 
 
 
Now you can go ahead! 
 
 
 
9. Run and Stop 
 
Switch the enclosed stop-switch or the stop-switch of the charge controller to position 
“RUN”. If the wires are correctly connected to the battery (without having mixed up 
the polarity) the SILENTWIND should start charging if windspeed is sufficient. You 
can control this on the LCD-display of the charge controller. 
 
 
 
10. Charging indicator 
 
A blue LED at the bottom of the windgenerator-body shows you if the generator is 
producing electrical energy. The charging-amount is shown on the display of the 
charge controller. 
 
 
 
11. Check ups 
 
Your SILENTWIND was constructed for long term use without any maintenance. 
However, simple and regular check ups ensure the necessary security. 
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Saftey first! 
 
 
Before you start the check up, make sure the blades are stopped and the battery is 
not connected to the charge controller. 
 
 
 
The following check ups should be carried out at regular 12 months intervals: 
 
11.1 Rotor blades 
 
Check if the blades show damages like broken edges, damaged surface or cracks. If 
you notice any damage, the generator must not be used any longer. Check the 
screwing one day after mounting and after that every 3 months. Eventually then you 
can turn to a longer interval. 
 
 
11.2 Screws 
 
Check that all accessible screws are correctly fixed. Especially the hexagon screws 
from the hub, the central shaft nut and the fixing of the mast must be checked (see 
page 17, sketch 4, 5 ,6 ,7 and page 18, sketch 8, 9). 
 
 
11.3 Bearings and gaskets 
 
The bearing of the generator shaft and the bearing of the yaw shaft are permanently 
lubricated. Please check these bearings for free movement, bearing play and 
watertightness. Deficient bearings must be replaced. 
 
 
11.4 Corrosion protection 
 
The complete housing is made of seaworthy aluminum and additionally powder 
coated. If the outer layer is damaged, there is a risk of corrosion. Please paint these 
spots with suitable varnish (RAL9010) 
 
 
11.5 Mounting system 
 
Check the mounting system for stability and absence of loose screws (if applicable). 
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11.6 Electrical system 
 
Please first stop the SILENTWIND generator so that all wires carry no voltage. Check 
if all connections are properly fixed and not corroded. If corroded they must be 
removed and treated with contact spray. Give special attention to the battery 
connections: they must be clean and greased with vaseline. Check the battery in line 
with the instructions of the producer and (if necessary) refill with destilled water. In 
the case that more than one battery is used check if all batteries have the same 
capacity and state of charge. 
 
 
 
12. Maintenance 
 
Maintenance of the SILENTWIND is not necessary. 
The SILENTWIND is produced for troublefree long-term use. 
 
 
 
13. Trouble shooting 
 
In case of problems, however, these can be easily solved by using the following 
check list: 
 
 
Windgenerator doesn´t start to run: 
 
Possible Cause Test Solution 
Not enough wind Measure the wind speed 
(Anemometer) 
Wait for more wind, 
start up speed from 2,2m/s 
Stop switch activated  Switch to „RUN“ 
 
Generator shaft sluggish Turn manually Connection windgenerator- 
charge controller damaged, 
short circuit of AC cables, 
short circuit of generator, 
customer service 
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Windgenerator doesn´t charge: 
 
Possible cause Test Solution 
Not enough wind Measure the wind speed at 
the rotor. 
(Wind speed on the main 
mast-top may be higher) 
Start up of charging 
depends on the battery 
status, 
check the adjustment of 
the charge controller 
Electric wiring interrupted Check wires, connections 
and gadgets 
Replace damaged wires or 
gadgets 
Fuse is gone Check fuse Replace fuse or cool down 
the automatic circuit 
breaker 
Carbon brushes in the yaw 
shaft have no contact 
Check carbon brushes and 
springs 
Replace carbon brushes 
and reactivate springs 
 
 
 
 
Battery is not fully charged: 
 
Possible cause Test Solution 
Old, damaged battery 
deficient 
Test battery status and 
liquid of every battery 
Replace battery, 
refill destilled water (not 
necessary for gel- or AGM-
battery) 
Fuse gone Check fuse Replace fuse, 
find cause of deficiences 
Charge controller wrongly 
installed 
Check in line with manual Correct installation 
Charge controller stop-
switch is in position 
“STOP” 
Switch stop switch in 
position “RUN” 
Observe manual 
instructions 
Deficient generator Check AC voltage, 
AC screw terminals 
Check all 3 AC cables after 
disconnecting from charge 
controller as to short circuit 
Deficient charge controller, 
mix up of polarity 
Check adjustments 
according to instructions 
Repair customer service / 
replacement 
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14. Attachment / sketches 
 
 
  
 sketch 1 
 
 
  
 
sketch 2 sketch 3 
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sketch 4 sketch 5 
 
 
 
 
 
 
 
  
 
sketch 6 sketch 7 
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sketch 8 sketch 9 
 
  
sketch 10  
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15. Warranty 
 
RULIS Electrica  Lda. guarantees that all the equipment sold by the company will not 
show any material or processing defects within the period of warranty. 
 
Period of warranty for  Silentwind generator:   36 months 
Charge controller HYBRID 1000  24 months 
 
If material or processing defects are detected in this period, RULIS Electrica Lda. will 
repair the equipment or replace broken parts of the unit at their expense. 
 
Guaranty is only provided if the warranty note (page 21) is filled in properly and the 
original invoice can be presented. 
 
Warranty does not cover: 
 
• Regular checkups, maintenance, repair or replacement of consumable parts. 
• Charges for transport, freight and the risk of transport which are directly 
related to the case of warranty. 
• Any expenses incurred from travel to and from the repair location, 
troubleshooting, diagnostic and repair services. 
• Damages that have been caused by wrong use or mistreatment of the 
equipment, especially if the damage is due to the mounting of the system to an 
inappropriate / unsuitable mast (construction). In case of damage the 
customer will have to prove that the windgenerator has been mounted to an 
appropriate mast (construction). 
• Damages caused by acts of nature beyond control. RULIS Electrica Lda. 
cannot be held responsible for lightning, flooding, snow (ice) load, fire etc. 
 
If the equipment must be demounted for a warranty case and mounted again after 
repair or replacement, the expenses for these procedures are not covered by RULIS 
Electrica Lda. Whether repair or replacement is appropriate or necessary, it’s up to 
Rulis Electrica Lda. decision only. If neither repair nor replacement are possible, the 
customer is only entitled to withdraw the order. 
 
Unless applicable law says otherwise, the rights of the buyer against the company 
Rulis Electrica Lda are restricted to this warranty terms, and neither Rulis Electrica 
Lda. nor the distributor of the products take over additional liability for direct or 
indirect damages. 
 
Otherwise the general terms for products delivery and services from the Portuguese 
law are applicable. 
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Notes: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 21 
 
 
 
Certificate of warranty 
 
-------------------------------------------------------------------------------------------------------------- 
 
 
 
 
 
 
Garantieschein 
Warranty card 
 
 
 
Name und Anschrift des Käufers / 
Name and address of the purchaser: 
 
 
 
 
 
 
Seriennummer Windgenerator / 
Serialnumber windgenerator: 
 
 
 
 
 
 
 
 
 
 
Seriennummer Laderegler  
Serialnumber charge controller: 
 
Verkäufer (Firmenstempel / Unterschrift) / 
Purchaser (company stamp / signature):  
 
Kaufdatum / 
date of purchase: 
 
Die genauen Garantie-Bedingungen finden Sie in der Gebrauchsanweisung auf Seite 19. 
The exact warranty conditions you can find in the user manual on page 19. 
 
 
-------------------------------------------------------------------------------------------------------------- 
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Rulis Electrica, Lda. 
Loteamento Industrial de Linhares, Lote 19 
PT-4805-486 Santo Estevão de Briteiros / Guimarães 
Portugal 
VAT/Contribuinte / EORI-N.   PT 502 995 530 
Tel. 00351-253-572763 
Fax 00351-253-572764 
Tm/Handy 00351 96 790 79 33 
e-mail: info@silentwindgenerator.com  
site:  www.silentwindgenerator.com 
 
 
Technical data
1. windgenerator SILENTWIND 12V
1.1 electrical specs
generator type permanent magnet generator, 3 phase
rated voltage 12 VDC
rated power output 420 Watt
rated wind speed 14,5 m/s
start-up wind speed 2,2 m/s
start up charging 2,5 m/s
charging indicator LED-blue, at generator body
1.2 mechanical specs 
security check in the wind tunnel 122 km/h without any complaints
rotor diameter 1,15 m 
quantity of blades 3
weight of blade 150g/blade - low centrifugal load 
rotor blade material CFK - hand-laminated
rotation speed, range of charging 550 - 1700 rpm
weight generator 6,8 kg (Generator) 
packing dimensions 780 x 400 x 210 mm (packing weight: 10 kg)
Color white RAL 9010, powder coated 
warranty 36 month
Technical data
1. windgenerator SILENTWIND 24V
1.1 electrical specs
generator type permanent magnet generator, 3 phase
rated voltage 24 VDC
rated power output 450 Watt
rated wind speed 14,5 m/s
start-up wind speed 2,2 m/s
start up charging 2,5 m/s
charging indicator LED-blue, at generator body
1.2 mechanical specs 
security check in the wind tunnel 122 km/h without any complaints
rotor diameter 1,15 m 
quantity of blades 3
weight of blade 150g/blade - low centrifugal load 
rotor blade material CFK - hand-laminated
rotation speed, range of charging 550 - 1600 rpm
weight generator 6,8 kg (Generator) 
packing dimensions 780 x 400 x 210 mm (packing weight: 10 kg)
olor white RAL 9010, powder coated 
warranty 36 month
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back
Dear VisionAIR3 Owner,
Congratulations on purchasing your VisionAIR3 Vertical Axis Wind Turbine (VAWT) and welcome to our 
family.
Enclosed in this manual is information regarding installation, operation and maintenance of your new 
turbine.
Please read through it before installing and using your turbine.
These installation and maintenance instructions contain important information for the safe installation 
and maintenance of the VisionAIR3 vertical axis wind turbine.  The turbine should only be installed by 
qualified personnel such as an employee of a UGE distributor, licensed contractor or certified electrician. 
Yearly maintenance checks should be performed by a person with similar qualifications.  The owner 
should retain a copy of this manual for reference and to give to future maintenance personnel.
This manual should be used in conjunction with electronics installation manuals, tower installation 
manuals, and the UGE Electrical Supplement.  These manuals can be found on the website of the tower 
and electronics suppliers respectively or can be provided by your UGE distributor.
In this manual you will see several checklists to guide you through the installation of the turbine.  You 
will be able to follow these step-by-step instructions to insure your installation is completed correctly.
To activate your warranty, please go to www.urbangreenenergy.com/warranty_form.php.  You must 
activate your warranty before allowing your turbine to spin.
We would like to hear from you with any questions or comments that you have.  Please contact us during 
working hours (Monday-Friday 9:00am to 6:00 pm - US Eastern Time) at:
Telephone: +1 (917) 720-5685
Website: www.urbangreenenergy.com
Email: techsupport@urbangreenenergy.com
Sincerely, 
INTRODUCTION
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SAFETY INSTRUCTIONS
The conditions of your warranty are dependent upon proper installation. 
If the wind turbine is allowed to spin at high speeds without electrical resistance, such as when the 
electronics are not completely and properly installed, the turbine may be “free-spinning” which can lead to 
extremely dangerous operation.  
ALLOWING YOUR WIND TURBINE TO FREE SPIN WILL VOID YOUR WARRANTY.
A turbine with no load on it may overspin even in very low wind conditions.  Keep in mind that if you use an 
unauthorized controller or program a low MPPT table there may not be sufficient resistance on the turbine, 
allowing it to overspin and voiding your warranty.  Always check with a UGE engineer before making such 
changes.
For grid tie systems, not using an inverter, or using an inverter that is not connected to the grid, will also 
allow the turbine to behave dangerously.  Allowing the turbine to behave in such a way will also void your 
warranty.  Please make sure that unless the turbine is fully operational, it is completely stopped either 
through electrical or mechanical means.
The UGE wind turbine system uses high voltage electricity and is potentially dangerous.  The electronics 
associated with the UGE wind turbine must be installed by a certified electrician in accordance with the 
National Electric Code (NEC) and/or local electrical codes as applicable.  Installation personnel shall 
employ safety precautions for high voltage equipment at all times.  The turbine, tower, and electronics 
shall be properly grounded as established by the NEC and/or local electrical code.  It is the responsibility 
of the installer to verify all regional electrical requirements are met..
 
This wind generator complies with international safety standards that must not be compromised.  Opening 
the generator cover may compromise the safety and efficiency of the generator. Furthermore, opening the 
generator cover without manufacturer authorization will void the warranty. 
During installation some components must be sealed to prevent water seepage. Failure to do so may lead 
to premature wear of your product and would compromise the warranty. 
UGE turbine and tower shall be assembled and installed only by qualified personnel such as an employee 
of a UGE distributor, licensed contractor, or certified electrician.
Some components of the turbine are very heavy.  Do not attempt to lift or move them without a proper 
hoist or suitable machine.  Doing so may result in personal injury.
Register you warranty online at http://www.urbangreenenergy.com/warranty_page.php.
Warning symbols to be used throughout this manual:   CAUTION     ELECTRICAL          IMPORTANT
               DANGER     NOTE
1.
2.
3.
4.
5.
6.
7.
8.
9.
CAUTION: 
PLEASE READ THESE INSTRUCTIONS CAREFULLY BEFORE INSTALLATION
3
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PHYSICAL INFORMATION
Axis       
Height       
Width        
Swept Area     
Blade Materials   
PERFORMANCE
Cut-in Wind Speed   
AWEA Rated Wind Speed    
Max Power Wind Speed
Cut-out Wind Speed   
Survival Wind Speed   
Rated RPM     
ELECTRIC GENERATION
Generator Type    
Rated Output
 Off-Grid     
 Grid-Tie    
Inverters and Controllers     
WEIGHT OF PARTS
Blades    
Generator & Axis     
Connecting arm     
Assembled Turbine 
Total shipments (2 boxes)           
SPECIFICATIONS
43
Vertical
3.2 m (10’-6”)
1.8 m (5’-11”)
5.76 m2  (62 ft2)
Fiberglass
3.5 m/s (7.8 mph)
11 m/s (24.6 mph)
14 m/s (31 mph)
20 m/s (44 mph)
50 m/s (110 mph)
200 RPM
Three-Phase Permanent Magnet
270  Vdc
530  Vdc
Available for all locations and regulations
25 kg (55 lbs)
131 kg (288.8 lbs)
9.5 kg (21 lbs)
300 kg (662 lbs)
470 kg (1040 lbs)
PRE-INSTALLATION CHECKLIST 
SHIPPING CONFIRMATION:
□ Turbine and tower delivery location and time confirmed.
□ Equipment available on-site to unload towers and/or turbine from delivery truck.
□ Open crate(s) and confirm all turbine components have arrived – see list page 6 - 9.
□ Confirm no turbine components have been damaged during shipping.
□ Open crate(s) and confirm all specialty electrical components have arrived – see page 10. 
 for wiring diagrams.
□ Confirm no specialty electrical components have been damaged during shipping.
 PERMITTING:
□ Signed and sealed foundation and/or tower drawings obtained (if required, check with your  
 local department of buildings).
□ Building permit obtained for turbine, tower, and/or foundation (if required, check with your  
 local department of buildings).
□ Grid interconnect permit obtained from local utility (Grid-tie only).
PRE-INSTALLATION: 
□ Wind Assessment performed (if required).
□ Foundation installed per UGE sample foundation drawings or per a design approved by a   
 licensed Professional Engineer.
□  Verify all installation personnel have read through the installation manuals and the UGE 
 Electrical Supplement..
□ Verify project electrician has purchased off-the-shelf products (conduit, wires, switches, etc.).   
 See the UGE Electrical supplement for more information on these items.
□ Check weather for day of installation.
INSTALLATION:
□ Verify qualified personnel (minimum 3) are scheduled to be on site to assemble the turbine.
□ Verify project electrician is scheduled to be on site to wire electronics and connect turbine  
 system to grid.
□ Reserve crane or boom truck (may not be required for tilt-up towers).
□ Reserve man-lift, bucket truck or ladder (may not be required for tilt-up towers).
□ Turbine working platform (stand) available.
□ Verify all tools required for assembly and installation will be on site, see page 14.
□ Bring camera.
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PRE-INSTALLATION CHECKLIST 
CAUTION:
CHECK THAT ALL COMPONENTS ARE INCLUDED UPON RECEIVING THIS 
PRODUCT TO ENSURE SAFE AND EFFICIENT INSTALLATION.
PARTS LIST
X 1
5 6
Generator Axis
X 1
Top Plate
Lower Flange Plate
X 3
PARTS LIST 
X 3
Blade
X 1
Loctite 
7
X 3
Upper Connecting Arm
PARTS LIST
X 3
Lower Connecting Arm
87
636
2
24
M20X80
M12X55
Round Eye Nut
M12X90
PARTS LIST
   NOTE:  ALL BOLTS COME WITH A SET OF WASHER, LOCK         
   WASHER AND NUT UNLESS OTHERWISE SPECIFIED: 
9

* INDICATES A DOUBLE WASHER AT THIS LOCATION. SEE INSTALLATION NOTES BELOW.
PART     AMOUNT       NAME    LOCATION
Generator Flange
Connecting Arms
Axis Top Plate
Turbine Blades*
ELECTRICAL SYSTEM OVERVIEW
Detailed wiring diagrams are available from the UGE website or your UGE distributor.
WIRING DIAGRAMS
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OFF-GRID
GRID-TIE
POSITIONING YOUR TURBINE
Selecting the optimal location for your VisionAIR3 turbine is crucial to capturing the wind power required to gener-
ate electricity. Several factors must be taken into account while selecting your location:
•  Surrounding structures and other obstacles
•  Tower Height
•  Available Space
•  Zoning height restrictions
The taller the tower the higher quality the wind, however towers can be expensive so it is important to balance per-
formance with cost to achieve the quickest payback.  See the ‘UGE Wind Turbine Siting Guide’ for recomendations 
of the minimum distances between the turbine and adjacent obstructions (distances X and Y in the figure below).
GETTING STARTED
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TOWER AND SUPPORTING STRUCTURE
FOUNDATIONS:
Properly installing the tower and supporting structure for the turbine is essential to proper operation of your wind 
turbine.  
Urban Green Energy turbines can be roof mounted or be supported by a tower on a stand-alone foundation. 
Sample foundation drawings for reinforced concrete foundations are available from your UGE distributor.  If 
required, Urban Green Energy can also provide copies of these drawings that have been signed and sealed by a 
professional engineer.  For projects that opt for a different foundation, the foundation should be designed by a 
professional engineer.  Contact Urban Green Energy technical support for foundation design criteria.  Keep in mind 
that depending on local building code, concrete foundations can take up to 28 days to cure before the tower can 
be installed on it.
For projects that call for a roof mounted turbine, the interface between the tower and the building structure should 
be designed by a professional engineer.  The loads going from the tower to the building are shown on the UGE load 
tables which are available through your UGE distributor.  Contact UGE technical support if you or the engineer has 
any questions on this connection.   
TOWERS:
Towers can be purchased through Urban Green Energy or manufactured elsewhere. 
Towers not purchased through Urban Green Energy shall be designed by a professional engineer.  Contact Urban 
Green Energy technical support for tower design criteria.
For projects using towers purchased through UGE, please see the “Tower Assembly Instructions” manual published 
by American Resource and Energy and which is available from your UGE distributor.  This document explains the 
proper tower installation procedure as well as safety precautions to be taken when erecting the tower.  Also see 
the tower design drawings for minimum slip overlaps between tower sections.  We recommend measuring and 
marking these distances directly onto the outside face of the tower prior to tower installation to confirm adequate 
overlap of tower sections.
The tower shall be leveled after installed.  Towers purchased through Urban Green Energy are designed to be 
installed with a gap between the bottom plate of the tower and the top of the foundation or existing building. 
Leveling nuts placed in this gap allow for proper leveling of the tower during installation and during the annual 
maintenance check (see page 38).  The tower shall be leveled such that the top plate of the tower is within 1 
degree of horizontal.
GETTING STARTED
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WIRE SIZING
The wire sizing directions listed in the ELECTRICAL SYSTEM OVERVIEW section are for SINGLE VisionAIR3 
turbine installations. DO NOT attempt to use these wire sizing instructions for multiple VisionAIR3 turbines 
connected to a single controller or wind interface box. Please ensure all power is turned off before working on 
any electrical connections.  
Wire gauge recommendations are based on NEC 310.15(B)(16) for THHW copper wire below 100°F (A certified 
electrician shall verify wire gauge meets local electrical code). Wire length should not exceed 150m.  Each 
electrical component shall have its own grounding wire and connect to a common earth ground.  For projects 
where the turbine and tower are supported by a reinforced concrete foundation, the project electrician may 
opt to use the rebar in the foundation as the grounding electrode for the turbine and tower, per NEC article 
694.40C.
USAGE
The VisionAIR3 is a wind powered three phase electricity generator.
 
•  It requires specialty electronics to convert the energy it creates into usable AC or DC.  Please contact  
  UGE technical support if you are interested in using specialty electronics not purchased   
  through UGE.
•  Do not modify the VisionAIR3
•  Do not attempt to use a power source other than the wind to rotate the VisionAIR3
GETTING STARTED
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ASSEMBLY REQUIREMENTS
Before proceeding to installation, the following tools will be needed to conduct safe and efficient assembly of the 
VisionAIR3 VAWT: 
 
 
GETTING STARTED
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Torque wrench with 30 mm socket (M20 Bolt) & 
18mm socket (M12 Bolt)
30mm Adjustable Wrench
Hydraulic lift or crane
Silicone Sealant
Lifting Straps
Working Platform (see next page)
18 mm (M12 bolt) crowfoot type wrench
Wrl 
Wr2
Cr
Ss
Ls
Wp
Cf
1
1
1
1
1
1
1
TOOL ID      AMOUNT      NAME
Assembly of the VisionAIR3 requires a working platform capable of withstanding 273.6 kg (603.2 lb) weight, with 
a 150mm (6”) diameter opening for the bottom nut of the generator to rest in; and approximately 5m x 5m x 10m 
(16’- 6” x 16’- 6” x 33’) space for assembly.
Urban Green Energy turbines are available with several different mounting options.  A crane is required for 
installing the tower and turbine.  Choose a crane which can safely lift 273.6 kg (603.2 lbs) of weight at least 6m 
(20’)above the height of your tower. 
GETTING STARTED
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1950 mm [6’- 4 3/4”]
792 mm [2’ 7 1/4”]
3200 mm [10’- 6”]
IMPORTANT CONSIDERATIONS
 To verify that the generator is working appropriately, connect a voltmeter to two of the generator terminals. 
Slowly spin the generator and watch the AC voltage being created.  Spin the generator slightly faster and verify 
that the voltage generated increases.
GETTING STARTED
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SPIN DIRECTION
When uncertain of the orientation of the blades, along with corresponding upper and lower connecting arms, 
check with the diagram above to confirm that all parts are oriented to have the leading edge rotate in clockwise 
direction upon final assembly.   The leading edge is the thicker edge of the blade.
GETTING STARTED
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• The double washer configuration of Figure 2 should be observed for the installation of the blades.
• 
• The order of bolt, washer, material, lock washer, and nut should be observed during installation of every 
remaining bolt.
• Loctite sealant should be applied on every bolt.
• Torque values should be observed when tightening all bolts. See chart for torque values at each component. 
 
      CAUTION: DO NOT OVERTORQUE BOLTS
GETTING STARTED
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Bolt Bolt
Washer Washer
Material Material
Lock
Washer
Nut
Washer
Lock
Washer
Nut
75 Nm (55 ft*lb)
55 Nm (40 ft*lb)
305 Nm (225 ft*lb)
Figure 1 Figure 2
LOCATION            TORQUE
Connecting Arms
Blades
Generator
NOTES
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STEP 1
AXIS PREPARATION
Tool needed: Wr1
Screw the M12X60 bolts through the top flange of the generator axis and the top axis plate, and into the round 
eye nuts. Tighten the bolts onto the round eye nuts with two nuts to form an eyehook. This allows the crane to 
operate and lift the axis without damaging the shaft. These two eyehooks will remain in these locations until the 
end of assembly. When connecting the upper connecting arms (STEP 4, STEP 5), the eyehooks take the place of 
two M12X60 bolts. Use straps to connect eyehooks to crane and lift generator and axis onto assembly stand.
INSTALLATION
    M12X60   
   X  X2
Round Eye 
Nut X 2
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ATTACH LOWER CONNECTING ARM
Tool needed: Wr1, Cf
Pair one connecting arm with two flange plate segments and place the connecting arm under the lower flange on 
the axis. Secure M12X60 bolts with washers and nuts. 
 NOTE:
 DIFFERENTIATE THE UPPER CONNECTING ARMS WITH THE LOWER CONNECTING ARMS USING  
 IDENTIFYING STICKERS ATTACHED TO EACH ARM.
INSTALLATION
      Bolt M12X60
        X 6
21

 STEP 2
 STEP 3
COMPLETE LOWER CONNECTING ARM ASSEMBLY
Tool needed: Wr1, CfS
Slide one connecting arm in between the lower flange plates and mount the last flange plate segment. Secure with 
M12X60 bolts, washers and nuts.  Continue to install the last connecting arm and also secure with M12X60 bolts, 
washers and nuts.
 
INSTALLATION
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        Bolt M12X60  
             X 12
 STEP 4
ATTACH UPPER CONNECTING ARM
Tool needed: Wr1
Position the upper connecting arms between the two upper connection plate flanges.  Secure in place with bolts 
M12X55. In this step, all bolts used are the same.
NOTE: Eyehooks need to be removed in order to install the top connecting arms. Eyenuts may be reconnected to 
bolts after connecting arms are installed if needed to lift the turbine into place.
 NOTE:
 DIFFERENTIATE THE UPPER CONNECTING ARMS WITH THE LOWER CONNECTING ARMS USING THE  
 IDENTIFYING STICKERS ATTACHED TO EACH ARM.
INSTALLATION
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         Bolt M12X55  
               X 6

 STEP 5
COMPLETE UPPER CONNECTING ARM ASSEMBLY
Tool needed: Wr1
Repeat STEP 4 for the 2 remaining upper connecting arms.  The eyehooks will be replaced with two M12X55 bolts 
at the end of assembly.
INSTALLATION
24
    Bolt M12X55  
    X 12
    Bolt M12X90  
    X 8
BLADE ASSEMBLY
Tools needed: Wr1, Ss
Use M12X90 bolts to position Turbine Blade adjacent to corresponding upper connecting arm and lower connecting 
arm. Use M12X90 bolts to fasten the blade to the connecting arms.
 
  
 
INSTALLATION
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 STEP 6
    Bolt M12X90
    X 16
INSTALLATION
COMPLETE BLADE ASSEMBLY
Tools needed: Wr1, Ss
Repeat STEP 6 for remaining 2 blades.  With all blades installed, the turbine can now rotate freely without any 
resistance.  This confirms that the turbine is ready for operation.
 
 CAUTION:
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BEFORE PROCEEDING, RETURN TO ALL BOLTS AND ENSURE THAT THEY HAVE NOW BEEN 
TIGHTENED TO THE NECESSARY TORQUE REQUIREMENTS.  
 STEP 7
INSTALLATION
STEP 8
SHORT CIRCUIT GENERATOR
 CAUTION:
 BEFORE INSTALLING THE TURBINE ON THE TOWER, THE GENERATOR WIRES MUST BE SHORT 
 CIRCUITED TO PREVENT THE TURBINE FROM FREE SPINNING. THIS CAN BE DONE BY TYING 
 THE STRIPPED ENDS OF THE GENERATOR WIRES TOGETHER. 
 NOTE: MAKE SURE YOU WRITE DOWN THE SERIAL NUMBER LISTED ON THE 
 GENERATOR FOR THE WARRANTY BEFORE LIFTING IT UP ON THE TOWER.
27

INSTALLATION
 STEP 9
TURBINE INSTALLATION
Tool needed: Cr, Ls, Wr1
Lift the wind turbine onto tower and mount onto supporting tower upper flange with bolts M20X80.
CAUTION:
THE DOWN TOWER WIRES MUST BE SHORT CIRCUITED OR CONNECTED TO THE SAFETY BRAKE IN 
THE CLOSED POSITION. THE DOWN TOWER WIRES MUST BE SHORT CIRCUITED, CONNECTED TO THE 
SAFETY BRAKE IN THE CLOSED POSITION OR DIRECTLY TO THE WIND INTERFACE BOX. 
28
CAUTION:
DOWN TOWER WIRES SHALL BE SUPPORTED BY CABLE GRIPS AND HUNG FROM THE J HOOK IN 
THE TOWER  TO PROVIDE STRAIN RELIEF. SEE THE UGE ELECTRICAL SUPPLEMENT FOR MORE 
INFORMATION. 
Congratulations!  You have completed the assembly of the VisionAIR3 Vertical Axis Wind Turbine unit.  For the 
next steps of installation on how to connect your turbine to the Grid or your Battery Backup system, refer to the 
electronics installation manual. 
Bolt M20X80
X 8
COMMISSIONING CHECKLIST 
GRID-TIE
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WITH THE SYSTEM PROPERLY WIRED PER THE SUPPLIED WIRING DIAGRAM, ENGAGE THE SAFETY BRAKE AND OPEN THE 
AC DISCONNECT SWITCHES #1 AND #2 BEFORE RUNNING THE FOLLOWING TESTS.
Safety Brake Switch (within Auto Safety Brake, if applicable)
□ Confirm the resistance between each phase is 0Ω
AC Disconnect Switch #1 (within Auto Safety Brake, if applicable)
□ Confirm a switch is present between the turbine and wind interface box
□ Confirm the switch rating meets or exceeds the recommended values as shown in the supplied wiring diagram
Auto Safety Brake
□ Confirm input and output wires are securely connected in their terminals
□ Confirm no corrosion exists on any of the electrical parts within the unit’s enclosure
□ Measure and record the voltage of the battery; conform the voltage reading is over 14V
Wind Interface Box
□ Confirm model
	 □ PVI-7200, GCB-5K or GCB-20K
□		 Confirm continuity across all three fuses inside the wind interface box (PVI-7200 only)
Diversion Load
□ Confirm the resistance of the diversion load is appropriate for the specific turbine:
	 □ 30 – 250 Ω for VisionAIR3
Inverter
□ Confirm model
 □ PVI 3.0, PVI 3.6 or GCI-2.5K-2G-W for VisionAIR3
AC Disconnect #2
□ Confirm a switch is present between the inverter and the main panel
□ Confirm the switch rating meets or exceeds the recommended value
Grounding
□ Confirm the resistance between all grounding conductors is 0Ω
WITH THE SYSTEM PROPERLY WIRED PER THE SUPPLIED WIRING DIAGRAM, CLOSE THE AC DISCONNECTS #1 AND #2 
AND DISENGAGE THE SAFETY BRAKE
Safety Brake Switch & AC Disconnect #1 (within Auto Safety Brake, if applicable)
□ Confirm a voltage exists between each phase with turbine spinning at the input terminals (if there is no wind present 
 the turbine can be manually spun by hand to confirm voltage presence).
 Wind Interface Box
□  Measure the voltage at the turbine input terminals. This value will vary based on turbine RPM (if there is no wind 
present, the turbine can be manually spun by hand to confirm voltage presence).
Inverter
□ Confirm the inverter is powered on when connected to the grid (SeamlessGrid) or when the wind input is 50Vdc   
 (Power-One). Confirm the inverter display shows no errors and successfully connects to the grid.
□ For Power-One equipment, using the Aurora Installer software, confirm the correct MPPT is programmed to the 
 inverter AND that the “Vin Start” input is set appropriately. See the UGE Partner Portal or your UGE distributor for a 
 copy of the appropriate MPPT table. 
□  For SeamlessGrid, using the inverter manual as a reference, confirm the correct power curve is programmed into the 
inverter. See the UGE Partner Portal or your UGE distributor for a copy of the appropriate power curve.
29
COMMISSIONING CHECKLIST 
OFF-GRID
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WITH THE SYSTEM PROPERLY WIRED PER THE SUPPLIED WIRING DIAGRAM, ENGAGE THE SAFETY BRAKE AND OPEN ALL 
AC DISCONNECT SWITCHES BEFORE RUNNING THE FOLLOWING TESTS.
Safety Brake Switch (or Double Throw Switch, if applicable)
□ Confirm the resistance between each phase is 0Ω
AC Disconnect Switch #1 (or Double Throw Switch, if applicable)
□ Confirm a switch is present between the turbine and off-grid controller
□ Confirm the switch rating meets or exceeds the recommended value
Controller
□ Confirm model
	 □ WCHG-241500 or WCHG-481500 for VisionAIR3
 Confirm diversion load is present and connected to controller.
Batteries
□ Confirm battery voltage matches system voltage
	 □ 24V for VisionAIR3
Inverter (if applicable)
□ Confirm model according to local requirements and system voltage
AC Disconnect #2 (if applicable)
□ Confirm a switch is present between the inverter and the electric panel
□ Confirm the switch rating meets or exceeds the recommended value
AC Disconnect #3 (if applicable)
□ Confirm a switch is present between the inverter and the main panel
□ Confirm the switch rating meets or exceeds the recommended value
Grounding
□ Confirm the resistance between all grounding conductors is 0Ω
WITH THE SYSTEM PROPERLY WIRED PER THE SUPPLIED WIRING DIAGRAM, CLOSE THE AC DISCONNECTS SWITCHES 
AND DISENGAGE THE SAFETY BRAKE
Safety Brake Switch & AC Disconnect #1 (within Auto Safety Brake, if applicable)
□  Confirm a voltage exists between each phase with turbine spinning at the input terminals (if there is no wind present, 
the turbine can be manually spun by hand to confirm voltage presence).
Controller
□  Measure the voltage at the turbine input terminals and verify that the turbine light is flashing, indicating charging (if 
there is no wind present, the turbine can be manually spun by hand to confirm voltage presence).
 Inverter (if applicable)
□  Confirm that the inverter is creating the appropriate voltage and frequency desired and powering the appropriate 
devices.
OPERATION
Your UGE turbine is designed to operate with minimum action required on the part of the owner.  If wired correctly, 
the controller or wind interface box / inverter combination will keep the turbine spinning at an optimum and 
safe RPM regardless of the wind speed.  Please see the installation and/or owner’s manuals for the turbine’s 
electronics for more information on the proper operation of that equipment. 
 
Please follow the instructions below to ensure proper function of your wind turbine:
• Unless the safety brake is engaged, AC disconnect switch #1, the switch between the turbine and the controller 
must be in the closed (on or engaged) position.  This switch should be locked in the closed position with a 
combination lock, key lock, or zip tie.  Locking this switch is a requirement for the activation of the warranty. 
Leaving this switch in the open position with the safety brake not engaged can lead to a free-spinning situation, 
potentially damaging the turbine, and voiding the turbine’s warranty.
• The covers of all electronic components shall remain on those components unless maintenance is being 
performed on the turbine or electronics.  These covers shall only be removed by qualified personnel such as 
a UGE distributor, licensed contractor, or certified electrician, or by an individual under the direct supervision 
of UGE technical staff
• The safety brake may be engaged and disengaged at the owner’s discretion.  During times of high wind,the 
turbine may spin slowly even with the safety brake engaged.  This is normal.  If the turbine is rotating when 
the safety brake is engaged, the turbine should coast to a stop or very low RPM within 5 seconds.  It is not 
recommended that the owner regularly engage the safety brake when the turbine is rotating quickly. 
• If the tower was purchased with a hinge and manual or motorized raising system, the owner may raise and 
lower the tower at their discretion.  The safety brake shall be engaged before raising or lowering the tower 
to prevent the turbine from spinning during the transition.  It is recommended that the tower not be raised or 
lowered at times with wind speeds above 5 m/s [11mph]
• If the turbine appears to be spinning off balance or begins to emit a noticeable sound, engage the safety brake 
and contact UGE technical support at +1 (917) 720-5685 ext. 6 or at techsupport@urbangreenenergy.com
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Does the VisionAIR3 need lightning protection?
Lightning protection can be introduced to minimize the likelihood of high voltage and high current damage 
to the turbine and the control electronics. An ideal lightning protection solution is for any lightning strike 
to pass directly to ground without interfering with either the turbine control systems or entering into the 
building. 
What happens if I lose power from my utility company?
Any inverter supplied by Urban Green Energy will have anti-islanding protection, meaning that the turbine 
will not be able to deliver current to the grid. This is a requirement to ensure the power lines can be repaired 
safely in the event of a fault.
When should I contact the service center?
Contact your merchant if the turbine is making loud and unusual sounds and if the turbine is not spinning 
in response to strong persistent wind. Your distributor may contact the UGE service center, or recommend 
you contact us directly.
What should I do if I’m expecting a severe storm?
The UGE VisionAIR3 is designed to extreme conditions, however if you have the opportunity it is advisable 
to turn on the safety brake and anchor the turbine with a rope or other physical anchor.
How do I shut down VisionAIR3?
Engage the safety brake to stop the turbine from spinning
Can I leave the VisionAIR3 unattended?
Yes, your turbine is able to operate without user feedback.
Can I mount VisionAIR3 to my roof?
Structural considerations must be taken into account for your safety and the integrity of your building. It is 
also recommended a tower be installed to elevate the turbine above the level of the roof and where there 
is better quality wind.
Can I recycle my turbine?
When the turbine has reached the end of its usable life it should be brought to a proper recycling center 
since the metal in the turbine and electronics can be reused.  The tower has a design life much longer than 
20 years and may be reused to support a future small wind turbine.
1.
2.
3.
4.
5.
6.
7.
8.
FAQ
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This Agreement (“Agreement”) is between you and Urban Green Energy Inc. (“UGE”) and applies to UGE branded 
products (“Product”) and services purchased by you from UGE or any of its subsidiaries or affiliates, UGE authorized 
reseller or UGE authorized Partner (“Partner”), unless you enter into a separate written agreement with UGE. BY 
PURCHASING A UGE PRODUCT YOU AGREE THAT THIS AGREEMENT APPLIES TO YOU. 
YOU MUST REGISTER THIS LIMITED WARRANTY AGREEMENT AND RECEIVE ACCEPTANCE BEFORE YOU TURN 
ON YOUR WIND TURBINE. 
The term of this Limited Warranty is three (3) years (the “Limited Warranty Period”). For UGE vertical axis wind 
turbines; 
Serial number____________________ 
Vertical axis wind turbine model type________________
Vertical axis wind turbine is grid tie or off grid?___________________ 
Assembly Date (From Generator Nameplate) ____________________
Customer Name______________________________ 
Customer Phone Number______________________________ 
Customer Email______________________________ 
Turbine Installation Site Address________________________________________________________________
The Limited Warranty Period begins on the date of product installation. The installation must be performed by 
qualified personnel, such as a certified electrician, an employee of a licensed contractor or an employee of a 
UGE, this list is exemplary and by no means limiting. The date of installation shall occur in the 12 month period 
following the delivery date of the product to the Partner .The warranty must be registered within ten (10) business 
days  from the date of installation. The unit should be installed but not turned on prior to registering the warranty. 
The warranty registration period will expire at midnight (local time of installation location) on the tenth (10th) day 
following the installation date. The expiration of the warranty registration period terminates all rights covered in 
this Limited Warranty Agreement. 
Date of delivery to Partner (if applicable) ____________________ 
Date of installation_____________________ 
1. Registration of Limited Warranty. 
i. Complete the online warranty registration form at http://www.urbangreenenergy.com/warranty_form.php with 
the serial number, unit type, date of delivery to Partner date of installation, customer information and installation 
location. 
URBAN GREEN ENERGY INC. THREE YEAR LIMITED WARRANTY AGREEMENT
WARRANTY INFO
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ii. Submit End-Users Agreement Statement and dated by the End-User. 
 iii. Take the following photographs: - 
 Grid Tie Units 
  - Assembled wind turbine 
  - Wind interface box wiring 
  - Inverter wiring 
  - Diversion load wiring 
  - Safety break and disconnect switch wiring (3x) 
  -  Locked AC disconnect switch #1. The switch shall be locked with a zip tie or other means of 
ensuring the AC disconnect switch between the generator and the wind interface box cannot be 
opened accidentally. This photo is not required for sites using a double throw switch in lieu of a 
separate safety brake and AC disconnect switch #1, provided that the double throw switch has a 
label clearly stating the switch must not be left in the “O” (all open) position. 
  -  Overall electrical assembly picture showing all components and conduits in between the electrical 
boxes. 
  Off Grid Units 
  - Assembled wind turbine 
  - Controller wiring 
  - Diversion load wiring 
  - Safety break and disconnect switch wiring (3x) 
  -  Locked AC disconnect switch #1. The switch shall be locked with a zip tie or other means of 
ensuring the AC disconnect switch between the generator and the wind interface box cannot be 
opened accidentally. This photo is not required for sites using a double throw switch in lieu of a 
separate safety brake and AC disconnect switch #1, provided that the double throw switch has a 
label clearly stating the switch must not be left in the “O” (all open) position. 
  -  Overall electrical assembly picture showing all components and conduits in between the electrical 
boxes.
iv. In the event the product is not installed using a tower supplied by UGE, you must submit professional technical 
design drawings of the tower and calculations of strength, deflection and vibrations. UGE will store this information 
on record. Please note that UGE will not review this information. For non-UGE supplied towers not installed with a 
standard foundation, you must submit drawings of any mounting provisions. For installations using UGE supplied 
towers but not our foundations, you must submit drawings of any mounting provisions. Please note that it is 
not the responsibility of UGE to review these drawings, and they will only be kept on record if needed for future 
troubleshooting. 
WARRANTY INFO
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UGE does not accept responsibility for damage to UGE manufactured products resulting from the use of non-UGE 
supplied towers, roof mounts or electronics. Please note that if you choose to use non-UGE supplied parts you 
should ensure that the towers are designed adequately for the loads the turbine will experience and that all other 
parts are suitable for the installation. 
v. Email the photographs and tower design, as applicable per iv. above, to warranty@urbangreenenergy.com. 
vi. You will receive confirmation within two (2) business days of submitting the required images via email. 
vii. Once you have received approval by way of a UGE Warranty Certificate you will not invalidate the warranty by 
turning your installed turbine on. 
2. Maintenance. To qualify for the full Limited Warranty period, the product must undergo full maintenance once 
within the first month of installation and following the first full maintenance, once every 12 months. Product 
maintenance should be registered by downloading the maintenance form from the UGE website. The form should 
be filled in and submitted to techsupport@urbangreenenergy.com. The form should be submitted not more than 
2 months from the date of installation and within ten (10) days from the date maintenance is performed. Then 
annually thereafter maintenance should be performed in no more than 13 month increments. All maintenance 
forms must be submitted in not more than ten (10) days following the date the maintenance is performed. Annual 
maintenance must be performed until the life of the general or extended warranty has terminated. Please note that 
failure to submit annual maintenance reports will invalidate the warranty. 
3. Product Limited Warranty. UGE warrants that its Products will be free from defects in materials and workmanship, 
under normal use for which it is intended, for the Limited Warranty Period. During the Limited Warranty Period, 
UGE may, at its option: (i) provide replacement parts necessary to repair the Product, (ii) repair the Product or 
replace it with a comparable product, or (iii) refund the amount you paid for the Product, less depreciation of ten 
percent (10%), upon its return, provided that UGE may, at its sole option, attempt to remediate any defects via 
technical support through telephone or electronic communication prior to taking any actions outlined in items (i) 
through (iii) listed above. It is hereby agreed and understood that UGE shall not be responsible for the installation 
of replacement parts or replacement products. Replacement parts and products shall be shipped to the original 
shipping address at no cost to you and shall be new or serviceably used, comparable in function and performance 
to the original part and warranted for the remainder of the Limited Warranty Period. 
4. Warranty Limitations. This limited warranty does not cover misuse or minor imperfections in units that meet 
design specifications or imperfections that do not materially alter functionality. This limited warranty does not 
cover and UGE is not responsible for (1) damages caused by misuse, abuse, accidents, fire, acts of God, theft, 
disappearance, misplacement, power surges, viruses, reckless, willful, or intentional conduct, including, without 
limitation, damages caused by tampering with or dismantling any portion of the Product including its generator, 
(2) damages caused by servicing not authorized by UGE, (3) damages caused by usage that is not in accordance 
with Product instructions, (4) damages caused by failure to follow the Product instructions, (5) damages caused 
by the combination of Products with other non-UGE branded products, accessories, parts or components, 
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(6) any equipment or components that were not included in your Product as originally sold to you, (7) normal wear 
and tear, (8) cosmetic damage that does not affect functionality or (9) damages or loss of function sustained as 
a result of wind speeds exceeding 55 m/s, lightening or hail or any other insurable loss under standard fire and 
extended coverage policies generally available for endorsement to you (10) re-configuration or re-connection of 
the electronics by a non-UGE authorized Partner, (11) units which have been disassembled and reinstalled shall 
only be covered by this warranty at the Supplier’s discretion, (12) units which have been turned on without approval, 
wherein approval is granted by way of a UGE Warranty Certificate corresponding to the unit serial number, (13) 
units which have been allowed to free spin by not being connected to an adequate load or safety break, (14) units 
which comprise second hand UGE parts, or UGE parts sold by anyone other than UGE. Note that if the turbine 
is installed first and not tied down or short-circuited while the electronics are being installed and the warranty 
is approved, the unit can still free spin and damage the blades, bearings and other parts. DAMAGE INCURRED 
DUE TO FREE SPINNING IS NOT COVERED BY THIS OR ANY OTHER WARRANTY(15)If a non-UGE authorized 
Partner configures, re-configures or re-connects the electronics for any UGE product this will automatically void 
the warranty on all components of the product; this includes the turbine. 
5. Services and Service Limited Warranty. Any services provided to you by UGE that are not within the scope of 
the Limited Warranty also are governed by this Agreement. For a period of ninety (90) days after services are 
performed, UGE warrants that services provided by it were performed in a professional and workmanlike manner. 
If your problem recurs within the 90 day service warranty period, UGE will, at its option, (1) re-perform the services, 
(2) replace the Product pursuant to the terms of this Agreement, or (3) permit you to return the Product and 
issue a refund pursuant to the terms of this Agreement. If you purchased an extended warranty, such as the UGE 
Extended Warranty Plan, please refer to the service plan for the coverage, duration and terms of service. 
6. Instructions for Warranty Service. To obtain warranty service you must (1) notify UGE within ten (10) days of 
knowledge of any defect in Product, or any failure of the Product to function properly, (2) assist UGE in diagnosing 
issues with your Product and follow UGE’s warranty processes and (3) obtain warranty service from UGE or an 
authorized service provider specified by UGE. UGE will not reimburse you for service performed by others. 
8. Limitation of Liability. THIS WARRANTY IS EXPRESSLY IN LIEU OF ANY OTHER AGREEMENTS, REPRESENTATIONS 
OR WARRANTIES, EXPRESS OR IMPLIED, INCLUDING ANY IMPLIED WARRANTY OF MERCHANTABILITY OR OF 
FITNESS FOR A PARTICULAR PURPOSE AND OF ANY OTHER OBLIGATIONS OR LIABILITY ON THE PART OF 
UGE. THE REMEDIES OF THE OWNER SET FORTH HEREIN ARE EXCLUSIVE. UGE NEITHER ASSUMES NOR 
AUTHORIZES ANY PERSON TO ASSUME FOR IT ANY OTHER OBLIGATION OR LIABILITY IN CONNECTION WITH 
THE SALE OF COVERED PRODUCTS. CORRECTION OF DEFECTS AND MALFUNCTIONS IN THE MANNER AND 
FOR THE APPLICABLE PERIOD ABOVE SHALL CONSTITUTE FULFILLMENT OF ALL RESPONSIBILITIES OF 
UGE. UGE SHALL NOT BE LIABLE FOR ANY INCIDENTAL OR CONSEQUENTIAL DAMAGES, SUCH AS BUT NOT 
LIMITED TO, LOSS OF PROFITS OR REVENUE, OTHER COMMERCIAL LOSSES, INCONVENIENCE OR COST OF 
REPLACEMENT EQUIPMENT. UGE’S MAXIMUM LIABILITY TO YOU IS LIMITED TO PURCHASE PRICE YOU PAID 
FOR PRODUCTS OR SERVICES PLUS INTEREST ALLOWED BY LAW. 
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UGE IS NOT LIABLE TO YOU IF IT IS UNABLE TO PERFORM DUE TO EVENTS IT IS NOT ABLE TO CONTROL, 
SUCH AS ACTS OF GOD, PROPERTY DAMAGE, LOSS OF USE, INTERRUPTION OF BUSINESS, LOST PROFITS, 
LOST DATA OR OTHER CONSEQUENTIAL, PUNITIVE OR SPECIAL DAMAGES, HOWEVER CAUSED, WHETHER 
FOR BREACH OF WARRANTY, CONTRACT, TORT (INCLUDING NEGLIGENCE), STRICT LIABILITY OR OTHERWISE. 
9. Dispute Resolution. If a dispute or claim is not resolved by you and UGE, the parties may agree to settle the 
dispute by mediation administered by (i) the American Arbitration Association (“AAA”) under its Commercial 
Mediation Procedures or (ii) for international matters, the International Centre for Dispute Resolution, a division of 
the AAA, in accordance with its International Mediation Procedures, before resorting to arbitration. The mediation 
shall be conducted using the English language for all purposes. Except with respect to preliminary equitable 
remedies provided herein or otherwise available at law, any controversy or claim relating to this Agreement not 
otherwise resolved between you and UGE through the previous provisions in this Agreement shall be settled 
through final and binding arbitration to be administered by the AAA according to its rules, or for international 
matters in accordance with its International Arbitration Rules. Such arbitration shall be held in New York, New 
York, and the proceedings and all pleadings, filings, written evidence, decisions and other relevant documents 
shall be in English. Any final decision issued in the arbitration shall be in writing, and binding and conclusive upon 
the parties to this Agreement and may be entered as a final judgment by any court of competent jurisdiction. 
Each Party shall bear its own costs in connection with the foregoing arbitration. Except as may be required by 
law, neither party may disclose the existence, content or results of any mediation or arbitration hereunder, without 
the prior written consent of both parties. This agreement shall be governed by the laws of the state of New York, 
without regard to conflicts of laws rules. 
10. General. UGE may assign this Agreement and/or any associated service plan without your consent and without 
notice to you. If UGE does assign this Agreement and/or any associated service plan, the assignee will assume 
all obligations to you, UGE will be released of all obligations, and you agree to look solely to the assignee for the 
performance of all obligations under this Agreement and/or any associated service plan. UGE and its subsidiaries 
and affiliates are intended beneficiaries of this Agreement. If there is any inconsistency between this Agreement 
and any other agreement included with or relating to Products or services purchased from UGE, this Agreement 
shall govern. This Agreement may not be modified, altered or amended without the written agreement of UGE. 
Any additional or altered terms shall be null and void, unless expressly agreed to in writing by UGE. If any term of 
this Agreement is illegal or unenforceable, the legality and enforceability of the remaining provisions shall not be 
affected or impaired. 
11. Modifications. UGE reserves the right to change the terms of this Limited Warranty in the future. UGE reserves 
the right to make design changes, improvements and/or additions to its products without obligation to install such 
in products previously manufactured.
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After 1 month, and every year on the anniversary of the turbine’s installation, it is required that your VisionAIR3 
undergo a checkup.  Although there is no routine or service requirement beyond this you should be aware of any 
unusual behavior or sounds.  If this occurs it is best to utilize the safety brake to stop the turbine and then contact 
your distributor or the service center. 
 CAUTION:
THE MAINTENANCE CHECK SHOULD BE PERFORMED ON A DAY WITH CALM WINDS, 5M/S [11MPH] 
OR LESS.  PRIOR TO PERFORMING ANY MAINTENANCE ON THE TURBINE, ENGAGE THE SAFETY 
BRAKE TO PREVENT THE TURBINE FROM SPINNING.  
 CAUTION:
PRIOR TO PERFORMING ROUTINE MAINTENANCE, FOLLOW PROCEDURE FOR THE PROPER 
SHUTDOWN OF THE WIND TURBINE. 
 NOTE:
THE BEARINGS ARE SEALED AND DO NOT REQUIRE ROUTINE LUBRICATION. BEARINGS HAVE AN 
OPERATIONAL LIFE IN EXCESS OF TWENTY YEARS AND DO NOT REQUIRE REPLACEMENT DURING 
THE DESIGN LIFETIME OF THE TURBINE. 
This Agreement (“Agreement”) is between you and Urban Green Energy Inc. (“UGE”) and applies to UGE branded 
products (“Product”) and services purchased by you from UGE or any of its subsidiaries or affiliates or a UGE 
authorized reseller (“Reseller”), unless you enter into a separate written agreement with UGE. BY PURCHASING A 
UGE PRODUCT YOU AGREE THAT THIS AGREEMENT APPLIES TO YOU.
YOU MUST PERFORM A MAINTENANCE CHECK ONE MONTH FOLLOWING INSTALLATION OF THE TURBINE AND 
ANNUALLY THEREAFTER. FAILURE TO PERFORM THE PRESCRIBED MAINTENANCE WILL RESULT IN VOIDING 
YOUR WARRANTY WHEN ACTIVE. 
The term of this Maintenance Agreement is for the term of the products Limited and Extended Warranty, maximum 
is five (5) years (the “Limited and Extended Warranty Period”).  For the HoYi!, eddy, eddyGT, UGE-4K, VisionAIR3, 
VisionAIR5 and UGE-9M vertical axis wind turbines;
 
Serial number____________________ 
Assembly Date (From Generator Nameplate) ____________________
Vertical axis wind turbine model type____________________
The Maintenance Agreement Period begins on the date of product installation. The date of installation may occur 
in the 12 month period following the delivery date of the product to the distributor. The first Maintenance Check 
is due one (1) month following the date of installation.  Maintenance Checks are due every twelve (12) months 
thereafter.  It is recommended that an additional Maintenance Check be performed on any turbine installed in 
a corrosive marine environment six (6) months after installation.  A corrosive marine environment is one within 
five (5) miles of a body of salt water.   While a UGE branded product is under Warranty (including Limited and 
Extended Warranty periods), the Maintenance Form for each Maintenance Check must be registered within ten 
(10) business days from the date the Maintenance Check was performed. 
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Failure to perform the Maintenance Check within the initial one (1) month period following installation and twelve 
(12) month periods thereafter and/or failure to register the Maintenance Check within the ten (10) day period 
following the Maintenance Check date, will invalidate the Limited and/or Extended Warranty. The expiration of the 
warranty registration period terminates all rights covered in this Maintenance Agreement. 
Date of delivery to Distributor____________________
Date of installation_____________________
Date of Maintenance Check_____________________
1. Registration of Maintenance Check. 
 i. Maintenance must be performed by qualified personnel only (see section 4). 
  ii. Fill in the serial number, vertical axis turbine model type, date of delivery to Distributor and date of 
installation and date of Maintenance Check. 
Item Passed 
(Y/N)
Checked By 
(Initials)
Blades are clean and free of dust or bug matter.  Clean blades with soapy water or a non-bleach 
based household cleaning agent.
Blades are free of defects.
Connecting arms are free of defects.
No abnormal noises from spinning turbine.
USER INSTALLED BOLTS: All bolts are still torqued to their minimum torque values.  To check 
this, attempt to loosen the bolts with a torque wrench to a rating of ~5 Nm (~4 ft lb) less than 
the actual torque value of the bolted connection (make this value larger for the generator flange 
connection).  
If the wrench clicks and the bolt has not moved, the bolt and Loctite are still tight.  If the bolt 
does move, you must remove the bolt fully, clean the existing Loctite, re-apply new Loctite and 
tighten the bolt back to its rated torque spec.   A silicone sealant should be applied around the 
bolt head and washers after the bolt has been properly re-torqued.
FACTORY INSTALLED BOLTS: All horizontal bolts in the axis connections (just below the upper 
and lower flanges) are torqued to the following minimum torque values:
eddy/VisionAIR3                    - 80Nm [60ft*lb]
UGE-4K/VisionAIR5              - 160Nm [120ft*lb]
If any of these bolts are found loose, a silicone sealant with a tensile strength of greater than 
700 kPa [100 psi] should be added around the bolt heads and washers after the bolt has been 
properly re-torqued.
Lower axis nut under the generator is flush, tight and cannot be loosened by hand.
Tower and metal components are free of rust or other visible defects.
Tower leveled such that the tower top flange is within 1 degree of horizontal.
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Resistance of diversion load:  _________________________Ω
 iv. The person responsible for performing the Maintenance Check must sign and date below. 
 v. Mail, fax or email the completed form to techsupport@urbangreenenergy.com.
 vi. You will receive confirmation, via email, within two (2) business days of submitting the Maintenance 
Check Form. 
 vii. You will receive confirmation by way of an email.  
2. Maintenance.  To qualify for the full Limited Warranty period, the product must undergo full maintenance once 
within the first month of installation and following the first full maintenance, once every 12 months. Product 
maintenance should be registered by downloading the maintenance form from the UGE website. The form should 
be filled in and submitted to techsupport@urbangreenenergy.com. The form should be submitted not more than 
2 months from the date of installation and within ten (10) days from the date maintenance is performed. Then 
annually thereafter maintenance should be performed in no more than 13-month increments. All maintenance 
forms must be submitted in not more than ten (10) days following the date the maintenance is performed. Annual 
maintenance must be performed until the life of the general or extended warranty has terminated.  Please note 
that failure to submit annual maintenance reports will invalidate the warranty. 
3. Grace Periods. The form should be submitted not more than 2 months from the date of installation and within 
ten (10) days from the date maintenance is performed. Then annually thereafter maintenance should be performed 
in no more than 13 month increments. All maintenance forms must be submitted in not more than ten (10) days 
following the date the maintenance is performed. Annual maintenance must be performed until the life of the 
general or extended warranty has terminated.
Item Passed 
(Y/N)
Checked By 
(Initials)
Wind Regulator Box/Controller functional.
Check continuity of fuses in Wind Regulator Box/Controller if fuses present.
Auto Safety Brake functional and voltage reading of battery is over 14 volts.
Inverter functional and displays no error messages.
Resistance of diversion load recorded below.
Voltage produced when spinning turbine.
All wires securely attached to ports.
No rust exists on electrical connection points or inside enclosures.
Turbine, tower, and all electrical components are still properly grounded.
Batteries are within operable life.
4. Maintenance Performance. The maintenance must be performed by qualified personnel, such as a certified 
electrician, an employee of a licensed contractor or an employee of an UGE distributor, this list is exemplary and 
by no means limiting.
5. Dispute Resolution. If a dispute or claim is not resolved by you and UGE, then it shall be finally settled by 
arbitration in accordance with the then current rules of arbitration of the American Arbitration Association. Such 
arbitration shall be held in New York, New York, and the proceedings and all pleadings, filings, written evidence, 
decisions and other relevant documents shall be in English. Any final decision issued in the arbitration shall be in 
writing, and binding and conclusive upon the parties to this Agreement and may be entered as a final judgment 
by any court of competent jurisdiction. Each Party shall bear its own costs in connection with the foregoing 
arbitration.  This Agreement shall be governed by the laws of the state of New York, without regard to conflicts of 
laws rules. 
6. General. UGE may assign this Agreement and/or any associated service plan without your consent and without 
notice to you. If UGE does assign this Agreement and/or any associated service plan, the assignee will assume 
all obligations to you, UGE will be released of all obligations, and you agree to look solely to the assignee for the 
performance of all obligations under this Agreement and/or any associated service plan. UGE and its subsidiaries 
and affiliates are intended beneficiaries of this Agreement. If there is any inconsistency between this Agreement 
and any other agreement included with or relating to Products or services purchased from UGE, this Agreement 
shall govern. This Agreement may not be modified, altered or amended without the written agreement of UGE. 
Any additional or altered terms shall be null and void, unless expressly agreed to in writing by UGE. If any term of 
this Agreement is illegal or unenforceable, the legality and enforceability of the remaining provisions shall not be 
affected or impaired. 
7.  Modifications.  UGE reserves the right to change the terms of this Maintenance Form and Terms Agreement in 
the future. UGE reserves the right to make design changes, improvements and/or additions to its products without 
obligation to install such in products previously manufactured.
Name of Maintenance Performer:__________________________________________
Signature:_______________________________________
Position:________________________________________
Company:_______________________________________
 NOTE:
 CONTACT UGE TECHNICAL SUPPORT IF ANY CHECKS DO NOT PASS.
MAINTENANCE AGREEMENT 
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Turbine Installation
OVERVIEW:
The purpose of this guide is to provide best practices for turbine and streetlight management with regards to 
sustainability. The tips provided in this guide are recommendations only.  Please see the installation, operations 
and maintenance sections of the turbine, tower, and electrical component manuals for the respective system 
requirements.  By completing as many of these best practices as possible, you can help ensure that your wind 
turbine/s is/are as sustainable an addition to your site as possible. 
Below are some general themes recurrent throughout these best practices:
• Recycling, reuse, and sourcing recycled materials: Reusing materials, or using (or providing) recycled 
materials has several benefits. It can reduce natural resource strains (including water, minerals, and metal 
ores), decrease energy use and emissions associated with raw materials mining/harvesting and processing, 
and decrease waste by diverting materials from landfill. Note: Not all materials may be eligible for recycling 
pick-up in your area, and you may need to identify recycling centers or scrap metal sites at which to drop-off 
materials.
• Water management: To the extent possible, use recycled / greywater for purposes like mixing concrete for the 
foundation. Be efficient with water used to wash the site and turbine installation.
• Emissions reduction: Using manual construction techniques or alternatively powered construction vehicles 
can reduce greenhouse gas (GHG) emissions, which contribute to global climate change, and air pollutants. 
Furthermore, using recycled materials and looking for local reuse / recycling options where available lowers 
the GHG emissions associated with materials extraction, processing, and transportation.
• Protecting local habitats: Construction activities related to installation and decommissioning should work 
to minimize impacts on local ecosystems, being mindful not to disrupt local vegetation and water system as 
much as possible.
SHIPPING:
A best practice for managing shipping materials is to minimize the waste created from these materials. Depending 
on local recycling and waste-to-energy options, all packaging materials can be diverted from landfills. Landfilling 
waste presents multiple challenges, including methane production (a potent GHG) from decomposing organic 
waste, possible leakages of waste into water systems, and strain on land use as landfills’ capacities continue to 
be strained in many regions.
As a first step, reuse shipping materials as is possible, either yourself or through a local take-back program. This 
step maximizes their “useful life”.  If reuse is not feasible, several elements of the packaging can be recycled or 
repurposed, depending on local recycling codes and facilities. Recycling/repurposing is a great next best option to 
reuse, as it reduces the waste to landfill and demands on natural resource inputs (e.g. energy, wood, etc.) by using 
the materials to create new products. 
A third option, pending local requirements and facilities conditions, is to burn materials in waste-to-energy facilities. 
This process utilizes the energy value of the waste to produce electricity, thereby diverting waste from landfills 
and offsetting fossil fuels that may be otherwise used to produce electricity.
The following table summarizes some of the optimal disposal options for each material included in the shipping 
materials (options are ranked from most to least preferable). Note: your shipping materials may include: 1) foam 
and bubble wrap; or, 2) rubber sleeves and polyester wrapping. Please follow the best practices relevant to the 
specific materials included in your shipment.
Material Options
Bubble Wrap
• Reuse - Use again for future shipping needs; alternatively many local collection 
programs exist (e.g. at shipping stores and local government facilities)
• Recycling - Facilities that recycle bubble wrap are limited given the adhesives involved 
in keeping the plastic sheets together, however, some facilities may be available in your 
area
• Incineration - Burn at a waste-to-energy facility
Foam Padding/ 
Styrofoam Inserts
• Reuse - Use again for future shipping needs; alternatively many local collection program 
exist (e.g. at shipping stores and local government facilities)
• Recycling / Repurposing - Some organizations provide public drop-off locations and 
mail-back recycling programs for foam packaging (e.g. DART or EPS Industry Alliance)
• Incineration - Burn at a waste-to-energy facility
Crating Wood
• Reuse - Use wood for another shipment or on-site for an alternate purpose
• Recycling / Repurposing - Many waste management companies will now take back 
scrap wood for conversion into mulch, woodchips, particleboard, etc.
• Incinerate - Burn at a waste-to-energy facility
Nails
• Recycling - Ferrous scrap metal recycling facilities and some municipal recycling 
programs will accept nails
Polyester Blade 
Wrap / Bags
• Recycling / Repurposing - Look for a local textile recycling center program, as a variety 
of commercial, public, and nonprofit programs exist (e.g. American Textile Recycling 
Services or Recycle with Clarity); the entities will repurpose or recycle the materials into 
items such as carpet pads, insulation, stuffing for toys or car seats, and fibers for new 
clothing
• Incineration - Burn at a waste-to-energy facility
Rubber Sleeves
• Recycling - Rubber recycling facilities (either municipal or private) are available in 
many areas
• Incineration - Burn at a waste-to-energy facility
GREEN BEST PRACTICES
43
GREEN BEST PRACTICES
43
INSTALLATION:
Foundation:
There are four main best practices related to laying the foundation for your wind turbine/s during the installation 
phase:
• Use recycled aggregates and concrete to reduce mining impacts and landfill waste – Aggregate is coarse 
particulate material that is combined with cement to form a strong foundation for your turbine. Using 
recycled alternatives to these materials reduces both the amount of mined resources (and related impacts 
like land clearing, water pollution, sedimentation, noise / dust pollution, habitat loss, etc.) and also the 
amount of construction materials going into landfill. The use of recycled aggregate and/or concrete may 
contribute towards achieving credits under the Leadership in Energy & Environmental Design (LEED) green 
building rating system [relevant credits: Recycled Content credit (LEED v2009) or Building Product Disclosure 
and Optimization - Sourcing of Raw Materials credit (LEED v4)]. There are several options for recycled 
alternatives for the foundation, listed below. Refer to local building codes and/or American Concrete Institute 
(ACI) guidelines for maximum levels of the following alternatives that can be included in your foundation.  
Option Description
Blast Furnace Slag 
(Cement Alternative)
• By-products of iron ore smelting
• Lime is chemically combined with aluminates and silicates of ore and coke to 
form a non- metallic product, then cooled to several different granularities
• Used for different purposes, including aggregate and cement
Recycled Concrete 
Aggregate
• Crushed concrete and other materials that have been deemed ‘clean’ enough for 
reuse
• It is less dense and more porous than virgin aggregate
• Minimizes concrete waste to landfill
• Reduces aggregate mining
• Lower carbon footprint
• Generally cheaper than virgin aggregate
Recycled Fly / 
Flue Ash (Cement 
Alternative)
• A by-product of combustion of coal
• The fine particles, containing many different trace elements, are captured by 
electrostatic precipitators as they rise with the flue gases
• Said to make the concrete flow and pump better
• Results in a denser concrete because of the small particle size
• Use a rebar (reinforcement bar) made from recycled steel – Steel production is responsible for more than 
3% of carbon dioxide emissions worldwide by some estimates and it takes four times as much energy to 
make steel from virgin ore than from recycled material.  Each ton of steel creates almost two tons of carbon 
dioxide. Using recycled steel rebar lowers the carbon footprint of your project and saves steel from was
te.                                                                                              
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In most cases rebar already has a high recycled content (up to 90%), however, check with your supplier to determine 
whether your rebar contains recycled content. As with recycled aggregates, use of recycled content in the 
rebar may contribute towards sustainable materials credits for the purposes of obtaining LEED certification.  
• Use greywater / recycled water to produce concrete for the foundation – Refer to local building codes to 
determine whether use of non-potable water is acceptable in cement production in your area. When possible, 
use of greywater or recycled water for installation reduces the strain on hydrological systems and potable water 
resources. While greywater definitions can vary, it typically includes non-potable, used water from bathtubs 
/ showers, sinks, and washing machines (per LEED definition). Non-potable water recovered from processes 
of concrete production can also be used to mix concrete. These processes include: (1) wash water from 
mixers or that was a part of a concrete mixture, (2) water collected in a basin as a result of storm water runoff 
at a concrete production facility, or (3) other water that contains quantities of concrete ingredients. Refer to 
local building codes for the local definition/requirements for non-potable/greywater water.    
• Minimize runoff: Hardscapes (like the cement foundation) increase water runoff during precipitation events, 
which can increase sedimentation and contaminant levels (like pathogens, chemicals, debris, and excess 
nutrients) in local waterways. Use strategies like planting low-lying vegetation near the hardscape or using 
permeable pavers in other locations on the site to offset the introduction of cement for the turbine. Use as 
small a foundation as is structurally necessary.
General / Site Considerations:
There are several steps you can take to minimize overall environmental impact associated with installing your 
wind turbine/s:
• Reduce air pollutant emissions: Traditional construction equipment used to level the site and install 
the turbine/s (e.g. cranes, bulldozers, etc.) can emit air pollutants. You can reduce the pollutant 
emissions associated with equipment use by reducing or eliminating idling or by using equipment with 
cleaner / lower-emitting equipment (e.g. Ultra-Low Sulfur Diesel, propane / LNG, hybrid- / electric, 
biodiesel). To the extent that installation and decommissioning can be done manually, doing so will 
help to reduce pollutant emissions associated with equipment use. Thus, we recommend manual 
installation for all elements that can be done so safely and effectively.     
• Reduce / offset greenhouse (GHG) emissions: Construction equipment also may emit GHGs from the 
combustion of fossil fuels. Idling reductions will also reduce GHG emissions, as will using low-emitting / 
alternative equipment, such as propane / LNG, biodiesel, or hybrid-/electric models (Note: net emissions may 
only lower for hybrid-/electric vehicles if the electricity source has a lower emissions profile than traditional 
fuels, like diesel). To the extent that installation can be done manually, doing so will help to reduce GHG 
emissions associated with equipment use. Thus, we recommend manual installation for all elements that can 
be done so safely and effectively.            
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Additionally, try to plant new trees in place of any trees cleared to install the turbine/s to continue to have this 
natural carbon sink on site (although make sure to plant in locations that will not interfere with the performance of 
your turbine). You may also explore purchasing carbon-offsets to reduce net GHG emissions from your project, 
although we recommend this as a next-best alternative after pure GHG emissions reduction.   
• Preserve local ecosystems: We recommend minimizing impacts to local ecosystems as much as possible 
to support biodiversity and ecosystem services. Consider impacts to local hydrology (e.g. streamflows), 
vegetation (e.g. types and number of plantings), and habitats as much as possible when installing your wind 
turbine/s.
MAINTENANCE:
Towers:
Hot-dip galvanized steel towers should be well maintained to ensure their longevity for the turbine / streetlight 
installation and potential future reuse after the lives of the renewable energy components have ended. Tower 
reuse helps to avoid the environmental impacts of manufacturing new towers for future systems, which may 
include greenhouse gas emissions, mining impacts (noise / dust pollution, habitat loss, sedimentation, etc.), water 
use, and more. A few methods for maintaining your tower are:
• Remove any discoloration or corrosion as soon as possible to avoid permanent discoloration and pitting of 
the surface.
• Store uninstalled towers in dry and well ventilated areas, and ensure that they have minimal contact with other 
metals.
• Remove any surface contaminants using clean cloths and non-abrasive cleaners; don’t allow water to drip 
continuously on steel and don’t clean the towers with corrosive cleaning products or metal scrubbers.
• Consult the tower manufacturer for more information on tower maintenance and warranty information.
Turbines:
Proper maintenance maximizes the lifespan of the turbines, thereby reducing waste from premature turbine 
disposal and energy / materials requirements of creating new turbines to replace damaged and prematurely 
decommissioned turbines. Refer to the maintenance section of the Owner’s Manual for additional details/
requirements for turbine maintenance and warranty.
DECOMMISSIONING:
General / Site Considerations:
See: “INSTALLATION: General / Site Considerations” for guidance. Similar principles should be applied when using 
machinery and altering the landscape during the decommissioning phase.
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Materials Management:
At the end of the wind turbine’s life, consider opportunities to reuse or recycle some or all components of the 
system, including the foundation, tower, and turbine parts. Consider each component individually as something 
that can be broken apart from the system and be reused, recycled or disposed of in a nearby waste incinerator or 
(as a last result) a landfill.
• Reuse / Resale / Refurbishment: Some of the materials in the turbine can be used as-is or refurbished for 
further use. Options for resale and refurbishment may vary by area, so these suggestions are meant to serve 
as a starting point that can be tailored based on availability.    
• Recycling / Material Recovery: Options will also vary from region to region. However, there are several common 
options for recycling many of the turbine parts, especially the various metal components.  
• Incineration: If disposal is chosen, incineration is a good option to capture the energy value of the turbine for 
electricity production (assuming it is done at a waste-to-energy facility).
Below is a summary table of end-of-life options for elements of the turbine system (options ranked in order from 
most to least preferable where multiple options are listed):
Component End-of-Life Options
Generator • Recycling / Recovery - Scrap metal recycling is the best option given the difficulty of breaking 
this element into its component materials on-site; scrap metal recyclers will recover the 
relevant metals and likely dispose of the remaining materials in an incinerator or hazardous 
waste disposal site
Axis • Recycling / Recovery - Ferrous scrap metal recycling
Blades • Reuse / Resale - Possible sale to off-taker for refurbishment / reuse
• Recycling / Recovery - Some companies [e.g. Seawolf Design (FL, USA) and ReFibre Aps 
(Denmark)] process wind turbine blades (via mechanical recycling or pyrolysis) to produce 
recyclates that are used in applications like fiberboard or asphalt, or polymers used in products 
like glue.
• Incineration - Turbine blades can also be incinerated (e.g. at a combined heat and power plant) 
to generate electricity; the remaining ash from the incineration process (~60% of material) can 
be used as an input in other materials, such as cement, paint, and glue; however, recycling is 
a better option where available, due to the relatively low heat value of turbine blades and the 
potential for incineration of the inorganic materials to release hazardous flue gases
Tower • Reuse - For another small-scale renewable energy solution, as a streetlight, as a flagpole, etc. 
(longer life than wind turbine)
• Recycling / Recovery - Ferrous scrap metal recycling
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Batteries • Reuse / Resale
• Recycling / Recovery - Various companies across the world provide battery recycling solutions 
to separate recoverable materials from hazardous ones; some local recycling facilities may 
also serve as a collection point for batteries
Foundation: 
Concrete
• Reuse - Use the foundation for an alternate purpose once the turbine has been taken down 
(e.g. use in conjunction with tower as a flagpole)
• Recycling / Recovery - Break up the concrete and provide to a concrete recycling company for 
creation of recycled aggregate
Foundation: 
Rebar
• Reuse - Use the foundation for an alternate purpose (e.g. use in conjunction with the tower as 
a flagpole); if the concrete is broken up, the rebar can be reused independently
• Recycling / Recovery - If the concrete is broken up, the rebar can also be recovered for ferrous 
scrap metal recycling
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RECYCLING SOURCES:
Below, we have provided a list of some good tools for finding recycling / recovery centers and ship-back programs 
near you. Note: This list is not intended to be exhaustive and we recommend that you do a search of nearby 
programs and businesses if you do not see a relevant resource in the list below.  
• 1-800-RECYCLING.com (http://1800recycling.com/) - US
• Call 2 Recycle (http://www.call2recycle.org/4-simple-steps-to-recycling/) - US
• DART (https://www.dart.biz/web/environ.nsf/pages/drop-off.html) - US
• EPS Industry Alliance (http://www.epspackaging.org/index.php?option=com_content&view=article&id=8&Ite
mid=4) - US
• American Textile Recycling Services (http://atrscorp.com/contact/) - US
• Earth 911 (http://earth911.com/) - US
• Recycler Finder (http://www.recyclerfinder.com/) - US
• Directgov (http://local.direct.gov.uk/LDGRedirect/index.jsp?LGSL=534&LGIL=8) - UK
• Recycle with Clarity (http://recyclewithclarity.com/find-a-recycling-site.php) - UK
• Waste Connect (http://www.wasteconnect.co.uk/default.aspx) - UK
• RecyclingNearYou (http://recyclingnearyou.com.au/) - Australia
• Recycling Marketplace (http://www.recycle.net/) - Regional sites for US / Canada, Europe, Asia, Pacific Region, 
Africa, and South America
• Sims Metal Management (http://www.simsmm.com/Local-Solutions/AllLocations) - Locations in Australia, 
Canada, Hong Kong, New Zealand, Papua New Guinea, Singapore, South Africa, UK and US
The Best Practices Guide on pages 42 to 49 of this document has been prepared in good faith on the basis of 
information available at the date of publication without any independent verification. The information is intended to 
be a guideline only and should not be construed as professional advice from Urban Green Energy Inc. Urban Green 
Energy Inc. does not guarantee or warrant the accuracy, reliability, completeness or currency of the information in 
this publication nor its usefulness in achieving any purpose. Readers are responsible for assessing the relevance 
and accuracy of the content of this publication. Urban Green Energy Inc. will not be liable for any loss, damage, 
cost or expense incurred or arising by reason of any person using or relying on information in this publication.
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TECHNICAL SUPPORT
If your product requires troubleshooting or warranty service, contact your merchant. If you are unable 
to contact your merchant, or the merchant is unable to provide service, contact Urban Green Energy 
directly at:
Urban Green Energy
330 West 38th Street
Suite 1103
New York, NY 10018
Tech. Support Phone: +1 (917) 720-5685
Email: techsupport@urbangreenenergy.com
February 2015
Copyright Urban Green Energy, Inc. 2015
This equipment complies with all the fundamental requirements of the relevant standards 
and guidelines. All associated documents and the original Declaration of Conformity are 
available from the manufacturer.
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                          Wind Turbine Specifications 
 
Physical Information 
Axis Vertical 
Height   3.2 m [10'-6"] 
Width 1.8 m [5’-11”]  
Swept Area 5.76 m2 [62 ft2] 
Weight 274 kg [603 lbs] 
Blade Materials Fiberglass  
 
Turbine Operation 
Annual Energy at 5.5m/s 770 kWh 
Cut-in Wind Speed <4 m/s [8 mph] 
AWEA Rated Wind Speed 11 m/s [24 mph] 
Max Power Wind Speed 14 m/s [31 mph] 
Cut-out Wind Speed 20 m/s  [44 mph] 
Survival Wind Speed 50 m/s [110 mph] 
Rated RPM 200 RPM 
Noise at 5m/s 41 dBA 
 
Electric Generation 
Drive System Direct Drive  
UL Rated Power 1.0 kW  
Generator Rated Voltage 
 Off-Grid 270 Vdc equivalent 
 Grid-Tie 530 Vdc equivalent 
Temperature Range -25 C to 40 C (-14 F to 105 F) 
Inverters and Controllers Available for all locations and regulations 
 
Certifications  
UL 1004 / CSA C22.2 Generator Electrical Safety 
ISO 9001 Manufacturing Quality Management 
CE European Conformity 
 
Model Number UGE-3M 
 
 
* Power data shown measured in ambient conditions in accordance with IEC 61400‐12 and includes all electrical inefficiencies.  
Annual energy production is dependent on location wind turbulence and wind speed distribution 
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